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ABSTRACT
Disposal of post-irradiation fuel from nuclear reactors has been an issue for the
nuclear industry for many years.  Most countries currently have no long-term disposal
strategy in place. Therefore, the concept of an intermediate nuclear spent fuel storage
facility has been introduced as a method of temporarily storing the spent fuel in a central
location until long-term disposal of the spent nuclear fuel is made available.
General criteria that can be used to compare potential international sites for an
intermediate nuclear spent fuel storage facility have been identified and elucidated.
Those criteria were then utilized to compare four potential international intermediate
nuclear spent fuel storage facility (IINSFSF) sites.  Two of the sites are in Russia (one in
the area of the old nuclear city of Krasnoyarsk-26 currently known as Zheleznogorsk and
one on Sakhalin Island in the area of the town of Kholmsk), one is in China (in the area
of the town of Xilinhot in the Nei Mongol province) and one in Australia (in the area of
the city of Meekatharra in Western Australia).  Safety and safeguard regulations for
nuclear facilities were reviewed and appropriate portions that could be applied to a
potential IINSFSF are recommended.  An analysis was conducted to determine legal
issues pertinent to an IINSFSF and a brief, limited overview of the most important legal
issues is presented.  The effects that nuclear fuels subjected to higher burnups (than
practiced now) will have on dry cask storage was examined and recommendations for
storage strategies are proposed.
The selected criteria involve the areas of Geological Suitability, Seismic Stability,
Land Area Suitability, Site Infrastructure Suitability, Transportation Infrastructure
Suitability, Meteorological Suitability, Willingness of the Host Nation and Population
Density.  Application of the criteria to the suggested sites revealed that Krasnoyarsk - 26
is the best alternative.  This is mainly due to the willingness of the host nation of Russia
to accept this type of facility.  Krasnoyarsk - 26 also rates as the best site with respect to
the criteria of geological suitability and seismic suitability.  Without consideration for the
willingness of the host nation, Meekatharra would be the ideal site.  Xilinhot was
evaluated as the third best alternative followed by the Sakhalin Island site of Kholmsk.
4The legal issue that would be of most concern to an IINSFSF would be potential
liability.  It would be best if the host nation were a signatory of an international treaty
limiting the liability of the IINSFSF operator.  Of the two major international nuclear
liability treaties in existence the one preferable is the Paris Convention.
Economics are driving nuclear power plants in the United States to look to
implement more highly enriched fuels to achieve higher burnups.  How these higher
burnup spent fuels will affect dry cask storage of spent fuels at reactor sites should be
examined.  To determine this, the decay heat output of higher burnup spent fuels was
compared to the storage capacity of a typical dry cask storage system.  From this
comparison the amount of time that the higher burnup spent fuels would have to spend in
cooling ponds before they could be safely stored in a dry cask storage system was
derived.
It was found that for a spent fuel at 3 percent initial enrichment and an in core
burnup of 30 MWd/kgIHM the time that the spent fuel should remain in a cooling pond
before storage in a dry cask was 4.6 years.  A spent fuel at 4 percent initial enrichment
and an in core burnup of 50 MWd/kgIHM should remain in a cooling pond before storage
in a dry cask for 11.3 years.  A spent fuel at 8 percent initial enrichment and an in core
burnup of 100 MWd/kgIHM should remain in a cooling pond before storage in a dry cask
for 53.4 years.
If the burnup of the nuclear fuel exceeds about 50 MWd/kgIHM and cooling pond
stays of greater than 10 years are not acceptable, new and more robust dry cask storage
systems would become necessary to safely store the spent nuclear fuel.  Alternatively, it
may be possible to store fewer of the higher burnup spent fuel assemblies in the dry
storage casks.  That is, if the cask is designed to store 24 assemblies, it may be possible to
only store 13 and still be within the thermal limits.
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CHAPTER ONE                                                                                                     
Introduction
1.1  Background
Disposal of post-irradiation fuel from nuclear reactors is a problem that has
perplexed nuclear industry and governmental regulatory authorities for many years.
Almost all countries that have a substantial nuclear power industry have determined that
some sort of long-term disposal of the post-irradiation fuel from nuclear reactors, more
commonly known as spent fuel, is necessary.
The options available for long-term disposal have crystallized after many years of
debate into one of two possibilities. The first possibility is geological disposal of the
spent fuel.  Geological disposal entails burying the spent fuel in a permanent underground
repository for a long period of time.  Reprocessing is the second option for disposal.  It
involves chemically separating fissionable material, such as plutonium and the uranium
235 isotope from the spent fuel, leaving high-level waste that is much reduced in volume
from the initial spent fuel.  The high level waste however, must be disposed of in a
manner similar to the disposal of spent fuel in the geological disposal option.
Countries that favor reprocessing as a long-term disposal strategy do so because it
reduces the volume of waste that must be stored geologically and allows for the recovery
of a valuable energy resource.  Countries that view spent fuel as a waste product favor
geological disposal, while those that view spent fuel as a resource favor reprocessing.
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Currently, most countries with an extensive nuclear industry have not decided
which long-term disposal strategy their nation will utilize for both political and
economical reasons.  Many countries have exhibited preferences towards one option or
the other, but have yet to enact legislation that would definitively commit that country to
a long-term disposal strategy.  One major exception is the United States, which has in the
past year enacted legislation committing itself to a long-term disposal strategy of
geological disposal.
Most countries currently store their spent fuel at the reactor sites, because no
long-term disposal strategy is in place.  This holds true even for the United States, as the
long-term disposal site at Yucca Mountain is not yet ready to receive spent fuel.  There
are a few problems associated with storing large amounts of spent fuel at multiple sites in
any country.  The first and foremost concern is proliferation.  It is more difficult to guard
and secure multiple sites than it would be to guard and secure a single site.  Secondly, it
is more expensive to provide storage at multiple sites.  Storage at a single site is more
cost effective if for no other reason than the principle of economy of size.  Economy of
size allows for the lower overall administrative burden for storing the spent fuel that thus
yields a cost savings.  Another concern is the safety of the population in general.  Many
reactor sites are near areas of high population density thereby placing larger segments of
the population at risk in the event of an incident involving the stored spent fuel.  The
possibility of storing the spent fuel at a single site located in an area of low population
density would lower this risk.  Finally, storing spent fuel in one central location is a more
environmentally sound approach than storing the spent fuel in many different locations.
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Therefore, the concept of an intermediate nuclear spent fuel storage has been
introduced as a method of temporarily (e.g. 100 years) storing the spent fuel in a central
location until a long-term disposal strategy is definitively in place.  Interim storage of
spent fuel is also important for those countries that favor or decide on reprocessing.  This
is because interim storage provides a safe, cost effective and secure location for storage
of the spent fuel and makes it available for use whenever the material within it is needed
for reprocessing.
The concept of an intermediate nuclear spent fuel storage facility is especially
attractive for the countries of the Eastern Pacific Rim that have a significant nuclear
power industry, such as Japan, South Korea, China and Taiwan.  Due to the high
population densities in these countries, storing spent fuel at the reactor sites places a large
number of people at risk in the event of an incident involving the stored spent fuel.  For
Japan, South Korea and Taiwan locating the intermediate nuclear spent fuel storage
facility in another nation is attractive and necessary, since the high population densities
throughout these nations make locating an intermediate nuclear spent fuel storage facility
within the spent fuel-producing nation not feasible.  Therefore, the intermediate nuclear
spent fuel storage facility would be international and thus deemed an International
Intermediate Nuclear Spent Fuel Storage Facility or IINSFSF.
In this thesis it is assumed that a dry cask storage system would be used by the
hypothetical international intermediate nuclear spent fuel storage facility (IINSFSF).
Specifically the type of system that is contemplated is Holtec International's HI-STORM
100 Cask System.  This system is contemplated for use only as a method of setting forth
necessary criteria, any similar cask storage system would not affect the criteria.  Holtec
15
International's HI-STORM 100 Cask System is a canister-based storage system that
stores spent fuel in a vertical orientation.  The cask and the fuel rods inside of the canister
are standing up. The HI-STORM 100 Cask System consists of three parts: a multi-
purpose canister (called the MPC), a HI-TRAC transfer cask, and a HI-STORM 100
storage overpack.  The MPC is the confinement system for the spent fuel.  It is the metal
canister in which the fuel is sealed. The HI-TRAC transfer cask provides radiation
shielding and structural protection for the MPC during the time the MPC is being moved
from an NRC-certified type transportation cask into the HI-STORM storage overpack.
The storage overpack provides radiation shielding and structural protection of the MPC
during storage. The HI-STORM system can be used to store either pressurized water
reactor (PWR) fuel assemblies or boiling water reactor (BWR) fuel assemblies. The HI-
STORM 100 Cask System does not rely on any active cooling systems to remove spent
fuel decay heat.  The system relies on a passive heat removal system that utilizes natural
circulation.
Holtec designed their cask storage system (the HI-STORM 100) to be able to
store as many different kinds of spent fuel assemblies as possible.  However, in
determining the design criteria it was necessary to determine which spent fuel assemblies
were the limiting ones for each design criteria.  For instance, in the case of the MPC
designed to store the PWR assemblies (MPC-24) it was found that the spent fuel
assembly that was the limiting case for the design criteria of decay heat was a 15 by 15
array designed by Babcock and Wilcox.  The specific attributes of the spent fuel which
were the limiting cases for the MPC designed to hold the PWR fuel (MPC-24) and the
16
MPC designed to hold the BWR fuel (MPC-68) for the criteria of criticality, decay heat
and shielding are given below in Table 1.1 for informational purposes only.1a
Table 1.1 HI-STORM 100 design basis SNF specifications
Fuel Assembly Array and 
Class 15X15 F 10x10 A 7x7 B
Fuel Type PWR BWR BWR
MPC designation MPC-24 MPC-68 MPC-68
Design Basis
Reactivity 
(Criticality); 
Decay Heat 
(Thermal); 
Source Term 
(Shielding)
Reactivity 
(Criticality)
Decay Heat 
(Thermal); 
Source Term 
(Shielding)
Fuel Assembly 
Manufacturer
Babcock and 
Wilcox General Electric General Electric
Clad Material Zr (or Zr alloy) Zr (or Zr alloy) Zr (or Zr alloy)
Design Initial U (kg/assy.) < or = 475 < or = 182 < or = 120
Maximum Planar-Average 
Initial Enrichment (wt.% U-
235)
n/a < or = 4.2 < or = 2.7
Initial Maximum Rod 
Enrichment (wt.% U-235) n/a < or = 5.0 < or = 4.0
Initial Enrichment (wt.% U-
235) < or = 4.1 n/a n/a
Number of Fuel Rods 208 78 full length and 14 partial length 64
Clad O.D. (in.) > or = .428 > or = .4040 > or = .4120
Clad I.D. (in.) < or = .3820 < or = .3520 < or = .3620
Pellet Dia. (in.) < or = .3742 < or = .3455 < or = .3580
Fuel Rod Pitch (in.) 0.568 0.51 0.523
Design Active Fuel 
Length (in.) < or = 150 < or = 150 < or = 110
Number of Water Rods n/a 2 0
Water Rod Thickness 
(in.) n/a > or = .030 n/a
Channel Thickness (in.) n/a < or = .120 < or = .100
Number of Guide Tubes 17 n/a n/a
Guide Tube Thickness 
(in.) > or = .0140 n/a n/a
                                                
a MPC-24 and MPC-68 design basis criterion are from Table 2.1.5 on p.2.1-16 of reference 1.  The MPC-24
design basis fuel assembly characteristics are listed in Table 2.1.3 on p.2.1-10 of reference 1.  The MPC-68
design basis fuel assembly characteristics for the design bases of decay heat and source term are listed in
Table 2.1.4 on p.2.1-12 of reference 1. The MPC-68 design basis fuel assembly characteristics for the
design basis of reactivity is listed in Table 2.1.4 on p.2.1-14 of Reference 1.
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This thesis will elucidate criteria that can be used to compare one potential
international intermediate nuclear spent fuel storage facility (IINSFSF) site location with
another.  After this is accomplished, those criteria will be used to compare four potential
international intermediate nuclear spent fuel storage facility (IINSFSF) site locations.  Of
these four locations, two will be in Russia (one at the old nuclear city of Krasnoyarsk-26
currently known as Zheleznogorsk and one on Sakhalin Island at Kholmsk), one in China
(at Xilinhot in Manchuria) and one in Australia (at Meekatharra in Western Australia).
In addition, this thesis will review and recommend appropriate safety and
safeguard regulations that could be employed in any potential international intermediate
nuclear spent fuel storage facility (IINSFSF).  It will further present a limited overview of
some legal issues pertaining to any potential international intermediate nuclear spent fuel
storage facility (IINSFSF).
1.2 Outline of the Thesis Structure
This thesis will first examine the feasibility of constructing an International
Intermediate Nuclear Spent Fuel Storage Facility or IINSFSF.   This thesis will also then
conduct a brief examination of how increased fuel loading in fresh nuclear fuel might
affect the storage of that fuel when that fuel has transitioned to spent nuclear fuel.
The term IINSFSF can be described as follows.  The facility would be
international since it would be storing spent fuel that is the property of a company located
in one country in a facility that would be located in another country.  For example, spent
fuel from a power production utility in Japan would be stored in a spent fuel storage
18
facility located in Russia.  The type of storage would be intermediate in that the facility
would only be storing the fuel for a limited period of time, in the range of 50 to 100
years.  Finally, the facility would be a nuclear spent fuel storage facility only and would
neither seek to encompass the simultaneous storage of weapons grade fissionable
material nor seek to become a production facility for mixed oxide fuels.
The feasibility of constructing an International Intermediate Nuclear Spent Fuel
Storage Facility is broken down into four subtopics.  The four subtopics are: a distillation
of site location criteria, an examination of the safety and safeguards standards that could
be utilized, a limited overview of relevant legal issues applicable to an IINSFSF and
finally a comparison of the feasibility of locating an IINSFSF at one of four potential
sites using the distilled site location criteria.
The subtopic detailing the distillation of site location criteria is further broken
down into eight criterions.   These criterions are: geological suitability, seismic stability,
land area suitability, site infrastructure suitability, transportation infrastructure suitability,
meteorological suitability, willingness of the host nation and population density criteria.
The safety and safeguards subtopic will be a culling from the IAEA’s safeguards system
set forth in the IAEA document INCIRC/66/Rev.2 that are particularly applicable to an
IINSFSF.  The relevant legal issues subtopic will examine applicable treaties, applicable
national laws and possible business forms that an IINSFSF might assume.  Finally, the
comparison of potential sites will examine four sites for suitability; a site near
Krasnoyarsk in Russia, a site on Sakhalin Island in Russia, a site in the Gobi desert in
China and finally a site in the Australian outback.
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1.3  Higher Burnup Spent Fuel Effects on Dry Storage of Spent Fuel
There is a desire to enhance the nuclear fuel cycle, by increasing the time that a
reactor core can be operated without refueling.  This is done with an eye toward
improving the economics of the fuel cycle and increasing the resistance to nuclear
weapons proliferation, with increasing the resistance to nuclear weapons proliferation
being the primary desired enhancement.  Operating a reactor for a longer period between
refueling would reduce routine access to the reactor core that should therefore reduce the
possibility for the clandestine production of nuclear weapons.  If the time that a reactor is
shutdown can also be reduced then there should be an improvement in the economic
performance of the reactor unit as well as making the operation of the reactor safer.2
In order to increase the burnup potential of the nuclear fuel the most promising
fuel lattice characteristics were studied.  It was found that the current PWR lattice
parameters were about optimum and that the best way to achieve higher burnup and
endurance was to increase the initial enrichment.2
 This thesis will examine the effect on the storage of higher burnup spent fuel.  It
will look at the effects that nuclear fuels that are designed to allow for higher burnups
will have on storage once said higher burnup fuels have been in core and transformed
into spent nuclear fuel.  Only the impact on the decay heat limits of the dry cask storage
system were considered, the impacts on the criticality and radiation limits were not
considered.  Only PWR spent fuels were considered, BWR spent fuels were not
examined.
20
The examination will be made using currently available storage technology,
specifically Holtec International's HI-STORM 100 Cask System.  This thesis will
examine whether Holtec International's HI-STORM 100 Cask System can handle the
increased thermal output of higher burnup spent fuels.
21
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CHAPTER TWO                                                                                                    
A Distillation of Site Location Criteria
2.1  Geological Suitability
To get an idea of the requirements that will be placed on a future IINSFSF, it is
useful to look at the proposal put forth by Private Fuel Storage Limited Liability
Company (PFS L.L.C.).   This company’s requirements are based on the use of the
Holtec HI-STORM 100 cask system.  Using this system as the input, the specifications
for the storage pads are as follows: each storage pad will be loaded to a static bearing
pressure of 1.94 ksf, considering the dead load plus long-term live load. 1a  This static
bearing pressure is for a 30 feet × 64 feet × 3 feet concrete pad loaded with eight storage
casks.  The Canister Transfer Building foundation will be loaded to a static bearing
pressure of 1.67 ksf.1a
In the United States, Title 10 of the Code of Federal Regulations (CFR) section 72
has a number of requirements for the siting of a nuclear spent fuel storage facility.
Although the regulations would not be applicable to a storage facility located outside the
United States, they present useful guidelines.  Therefore, the requirements of 10 CFR 72
are in pertinent part set forth below.
10 CFR 72.98(c) requires that those regions identified as potential IINSFSF sites
must be investigated as appropriate with respect to: (1) The present and future character
and the distribution of population, (2) consideration of present and projected future uses
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of land and water within the region, and (3) any special characteristics that may influence
the potential consequences of a release of radioactive material during the operational
lifetime of the IINSFSF.  Therefore, potential site areas that have had previous studies
done investigating the present and future character and distribution of the population and
or the present and future projected uses of land and water would be preferred over those
that do not. In addition, it is clear that of those sites that have had said studies done, the
ones that have trends and situations that are most compatible with the needs of an
IINSFSF would be preferred.2b
10 CFR 72.102(c) requires that sites other than bedrock sites must be evaluated
for their liquefaction potential or other soil instability due to vibratory ground motion.3c
Therefore, potential IINSFSF sites that rest on bedrock would be preferred over sites that
do not because this would alleviate the necessity to conduct such a study.  Further, of
those sites that are not on bedrock, sites that have low liquefaction potential would be
preferred over sites that have high liquefaction potential.
10 CFR 72.102(d) requires that site-specific investigations and laboratory
analyses must show that soil conditions are adequate for the proposed foundation
loading.3c  Since this regulation is applicable to all potential sites and since we have
identified our static loading requirements above, this regulation would only be useful in
                                                                                                                                                
a See §2.1.6.4 (Stability of Subsurface Materials) of Reference 1 for more detail.
b 10 CFR 72.98 Identifying regions around an ISFSI or MRS site.
(a) The regional extent of external phenomena, man-made or natural, that are used as a basis for the design
of the ISFSI or MRS must be identified.
(b) The potential regional impact due to the construction, operation or decommissioning of the ISFSI or
MRS must be identified. The extent of regional impacts must be determined on the basis of potential
measurable effects on the population or the environment from ISFSI or MRS activities.
(c) Those regions identified pursuant to paragraphs (a) and (b) of this section must be investigated as
appropriate with respect to:
(1) The present and future character and the distribution of population,
(2) Consideration of present and projected future uses of land and water within the region, and
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elucidating a new selection sub criteria if there were a potential IINSFSF site that had
recently had a soil condition study performed.  In that case, a site that had had such a
study recently performed would be preferable over one that had not.
10 CFR 72.102(e) requires that in an evaluation of alternative sites, those which
require a minimum of engineered provisions to correct site deficiencies are preferred and
that sites with unstable geologic characteristics should be avoided.  This regulation sets
forth the criterion in its main body and requires no further comment.3c
Some other guidelines, not listed specifically in 10 CFR 72, are: 1) if the ISFSF is
located over an aquifer that is a major water resource, measures must be taken to preclude
the transport of radioactive materials to the environment through this potential pathway
and 2) natural slopes close to the proposed facility should be evaluated for geological
                                                                                                                                                
(3) Any special characteristics that may influence the potential consequences of a release of radioactive
material during the operational lifetime of the ISFSI or MRS.
c 10 CFR 72.102 Geological and seismological characteristics.
(a)(1) East of the Rocky Mountain Front (east of approximately 104 west longitude), except in areas of
known seismic activity including but not limited to the regions around New Madrid, MO, Charleston, SC,
and Attica, NY, sites will be acceptable if the results from onsite foundation and geological investigation,
literature review, and regional geological reconnaissance show no unstable geological characteristics, soil
stability problems, or potential for vibratory ground motion at the site in excess of an appropriate response
spectrum anchored at 0.2 g.
(2) For those sites that have been evaluated under paragraph (a)(1) of this section that are east of the Rocky
Mountain Front, and that are not in areas of known seismic activity, a standardized design earthquake (DE)
described by an appropriate response spectrum anchored at 0.25 g may be used. Alternatively, a site-
specific DE may be determined by using the criteria and level of investigations required by appendix A of
part 100 of this chapter.
(b) West of the Rocky Mountain Front (west of approximately 104 west longitude), and in other areas of
known potential seismic activity, seismicity will be evaluated by the techniques of appendix A of part 100
of this chapter. Sites that lie within the range of strong near-field ground motion from historical
earthquakes on large capable faults should be avoided.
(c) Sites other than bedrock sites must be evaluated for their liquefaction potential or other soil instability
due to vibratory ground motion.
(d) Site-specific investigations and laboratory analyses must show that soil conditions are adequate for the
proposed foundation loading.
(e) In an evaluation of alternative sites, those which require a minimum of engineered provisions to correct
site deficiencies are preferred. Sites with unstable geologic characteristics should be avoided.
(f) The design earthquake (DE) for use in the design of structures must be determined as follows:
(1) For sites that have been evaluated under the criteria of appendix A of 10 CFR part 100, the DE must be
equivalent to the safe shutdown earthquake (SSE) for a nuclear power plant.
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stability.  These guidelines suggest that potential sites that are not over an aquifer would
be preferred over those that are and that potential sites located away from natural slopes
would be preferred over those located close to natural slopes.
2.2  Seismic Stability
In order to elucidate useful criteria with respect to seismic stability, it is first
necessary to understand a little of the background seismology involved in an earthquake.
2.2.1    Intensity and Magnitude
The movement of tectonic plates, volcanism or nuclear weapons detonations
cause most earthquakes.  The movement of the tectonic plates relative to one another
causes by far the greatest number of earthquakes.
There are three main mechanisms whereby the movement on the tectonic plates
relative to one another may cause a vibration in the earth’s crust.  A tectonic plate may
break apart causing a vibration in the earth’s crust.  Tectonic plates may collide head on
with one another and form a compression zone, which can lead to vibrations in the earth’s
crust and may also cause a mountain range to form.  Lastly, tectonic plates may collide,
but then one plate slips under the other one creating a sub-duction zone.  A sub-duction
zone produces substantially the same result as a compression zone, namely vibrations in
the earth’s crust and possible formation of mountain ranges.  The point at which the
                                                                                                                                                
(2) Regardless of the results of the investigations anywhere in the continental U.S., the DE must have a
value for the horizontal ground motion of no less than 0.10 g with the appropriate response spectrum.
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plates contact one another is called the hypocenter.  This hypocenter typically is located
many miles below the earth’s crust.
The natural convection of the molten rock inside the earth causes these plates to
move.  That is, the warmer molten rock from deeper inside the earth moves upward
towards the earth’s surface, while the cooler molten rock near the earth’s surface moves
back down towards the center of the planet.  The upward and downward movements of
this molten rock causes currents to form near the surface of the molten core, which
propels the tectonic plates into collisions with one another.
A second cause of seismic disturbances is volcanism.  In a volcanic situation,
molten rock (also known as magma) pushes its way through the earth’s crust causing a
pressure release when the higher-pressure magma is released into the lower pressure
atmosphere.  The resulting shock waves cause seismic activity.  Tectonic earthquakes are
much more powerful than volcanic induced earthquakes.  All earthquakes with a reported
magnitude of greater than 4.5 on the Richter scale have been tectonic earthquakes none
have been volcanic earthquakes.
The last general cause of seismic disturbances is the detonation of nuclear
weapons.  These man made earthquakes are not as powerful as tectonic earthquakes, but
can be of the same magnitude as volcanic earthquakes.
When trying to determine the strength of an earthquake, one normally speaks in
terms of either the intensity of the earthquake and/or the magnitude of the earthquake.
Intensity is gauged using the Mercalli scale. First the acceleration of the earth during the
earthquake is measured in units of centimeters per second per second or cm/s2.  Once the
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acceleration is measured, one must determine in which of the twelve categories of the
Mercalli scale the earthquake falls.
Table 2.1 Mercalli Scale Table – Richter Equivalent
Acceleration
(cm/s2)
Phenomenon Annual
frequency
Richter
Equivalent
I <1 Only noticed by seismograph ~700,000 1.9
II 1-2 Rarely noticed ~300,000 2.5
III 2-3 Similar to light traffic
vibrations
~200,00 3.1
IV 3-6 Similar to heavy traffic
vibrations
~50,000 3.7
V 6-15 Hanging objects move ~6,000 4.3
VI 15-30 Trees move ~800 4.9
VII 30-60 Wave action in water ~120 5.5
VIII 60-160 Weak buildings damaged ~20 6.1
IX 160-300 Strong buildings damaged <1 6.7
X 300-600 Strong buildings destroyed <1 7.3
XI 600-1500 Railroad rails bent <1 7.9
XII >1500 Rocks crack, landslides
occur
<1 8.5
To determine the magnitude of an earthquake, the following formula is used:  m=
1.3+.6(Io).  Where m is the magnitude and Io is the intensity value as derived from the
mercalli scale.  Another formula used to calculate the magnitude of an earthquake is:
m=2.2+1.8 log ao.   In this instance, ao is the acceleration of the ground in cm/s2.  The
value of the magnitude is commonly referred to as the richter value.
Further, the energy released during an earthquake may be calculated if one knows
the magnitude.  To calculate the energy released the following formula may be used:  log
E = 11.4 + 1.5(m).  Here E is the energy released in joules, and m is the unit-less
magnitude value calculated from one of the above formulas.  Another slightly more
complex formula may be used to calculate the energy released and is as follows: log E =
16.4 + (1.5)log (A/T) + (2.5)log D.  In this case, A is the maximum amplitude of the
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surface waves at a given point expressed in microns, T is the period of those waves in
seconds and D is the epicentral distance in degrees.
2.2.2      Seismic Waves Background
There are two main types of seismic waves, P (for primary) waves and S (for
secondary) waves.  P waves are longitudinal or horizontal meaning that they alternately
compress and pull on the solid rock of the earth’s crust.  S waves are vertical, meaning
that they move the crust up and down like a wave on the ocean.  The P waves travel more
quickly than the S waves but do much less damage.
An earthquake zone is typically divided into partitions where each partition
represents an intensity category based on the mercalli index.  The areas with the same
mercalli intensity category are referred to as isoseists. Isoseists form ovals around one
another, with the isoseists having the maximum intensity usually in the center.  This
center isoseist is referred to as the epicenter.
Since the P wave travels more quickly than the S wave, a seismograph will detect
the P wave first and then the S wave.
2.2.3      Applicability
Assuming the hypothetical IINSFSF will be using the Holtec International HI-
STORM 100 dry cask storage system, the following limits would apply.  According to
the HI-STORM 100 Safety Evaluation Report (SER) filed with the Nuclear Regulatory
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Commission, the HI-STORM 100 dry cask storage system can sustain a .397g horizontal
(equivalent to a P wave) movement of the ground below it and not tip over.4  Since 1g =
9.80665 m/s2, the maximum horizontal acceleration that the cask storage system can
sustain and not tip over is 3.89 m/s2 or 389 cm/s2.  This is equivalent to an intensity rating
of X on the mercalli scale or a magnitude rating of 7.3 on the richter scale.
Therefore, for an IINSFSF using a dry cask storage system like the HI-STORM
100, the IINSFSF should ideally not be built in area that is likely to be subject to
earthquakes with a magnitude of greater than or equal to 7.3 on the richter scale.  This
would ensure that the casks would not tip over during a seismic event.
The Nuclear Regulatory Commission (NRC) provides further guidance regarding
seismic events.  This guidance is contained in the requirements of 10 CFR 72.102(f).3
10 CFR 72.102(f) requires (in pertinent part) that the limiting (or design) earthquake
which should be used in the design of structures can, at a maximum, have a value for the
horizontal ground motion of 0.25 g.
Horizontal ground motion of .25g equates to 2.4 m/s2 or 240 cm/s2.  This is
equivalent to an intensity rating of IX on the mercalli scale or a magnitude rating of 6.7
on the richter scale. Therefore, a conservative requirement might be that the IINSFSF
should only be built in an area where an earthquake of magnitude 6.7 or greater is
unlikely to occur.
It is possible to build an IINSFSF in an area that is subject to seismic events that
have a magnitude of 7.3 (the tip over prevention maximum rating) or greater on the
richter scale however.  In the event that a cask does tip over, the structural analyses of a
potential tip over concludes that the overpack would maintain safety.  This is because the
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safety factors of the most critically loaded elements would be within acceptable
parameters and any deformation would not impose loads on the multi purpose canister
(MPC) or significantly impair ready retrievability of the stored materials. The computed
decrease in diameter of 0.11 inches is compared to a stated radial clearance of 0.1875
inches.4d  Therefore, even in the event of a tipover, it should still be possible to remove
the spent nuclear fuel from the MPC.  That is, even in the event of a tipover, there should
still be a .132 inch (.1875 inches - .055 inches) radial clearance (with radial clearance
being the space between the spent nuclear fuel and the side of the MPC) which would
allow the spent nuclear fuel to be removed.  The radial clearance is found by subtracting
.055 inches from .1875 inches because the decrease in the diameter of the MPC is
projected to be .11 inches.  This means that each side of the MPC decreases by half of .11
inches or .055 inches.
Further, the level of safety suggested by the NRC may not be necessary because
the radiological hazard posed by a dry cask storage facility is inherently lower and the
facility is less vulnerable to earthquake-induced accidents than operating commercial
nuclear power plants.5 In its Statement of Consideration accompanying the rulemaking
for 10 CFR Part 72, the NRC recognized the reduced radiological hazard associated with
dry cask storage facilities and stated that the seismic design basis ground motions for
these facilities need not be as high as for commercial nuclear power plants.6  Therefore, it
is not necessary to apply the more restrictive limit of magnitude 6.7 on the richter scale to
an IINSFSF.  The more lenient limit of magnitude 7.3 on the richter scale is more
appropriate for an IINSFSF.
                                                
d See Section 2.3 for an explanation of the HI-STORM 100 Cask Storage System.
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In addition, seismic support struts may be installed to ensure that the transfer,
storage, and shipping casks will remain upright and stable and therefore not tip over in
the event of an earthquake, even in the case of a quite severe seismic event.  Seismic
support struts are metallic, robust rods that install in the ground next to the cask and
extend up the sides of the casks to provide stability in the event of an earthquake.
Therefore, although it may be desirable to construct the IINSFSF in an area that
historically experiences earthquakes of less than magnitude 6.7, it is not an absolute
necessity to do so because of the availability of support struts to counterbalance any risk
of tip over.
2.3  Land Area Suitability
In order to determine the total land area requirements for an IINSFSF it would be
appropriate first to determine an estimate of the square footage requirements for the
IINSFSF concrete storage pad.   In making this estimate it will be assumed that the
storage casks will be stored upright (standing up).  This is a fair assumption to make
because the standard storage method at most U.S. at reactor dry cask storage facilities as
well as the standard storage method for the HI-STORM 100 cask storage system.  See
Figure 2.1.
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Figure 2.1
The fundamental basis for this estimate comes from the report filed by Private
Fuel Storage, L.L.C. entitled “Safety Evaluation Report Concerning the Private Fuel
Storage Facility”.1  In 1997, Private Fuel Storage, L.L.C., submitted an application to the
U.S. Nuclear Regulatory Commission (NRC) for a license to operate a temporary storage
facility for spent nuclear fuel on the Reservation of the Skull Valley Band of Goshute
Indians.  A required part of the license application is the Safety Evaluation Report (SER)
in which the applicant describes its plans for building, operating, maintaining, and
funding the cleanup and decommissioning of the proposed Facility.  The Safety
Evaluation Report filed by Private Fuel Storage, L.L.C., was given Docket No. 72-22 by
the NRC.
Section 5.1.3.1 of the SER gives a description of reinforced concrete structures
that are classified as important to safety.1 One such structure is the Canister Transfer
Building and another is the Cask storage pad.  This description of the Cask storage pad is
being used as the basis for calculating the area requirements for the IINSFSF spent fuel
Cask storage pad.  The entering assumption for the IINSFSF spent fuel Cask storage pad
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was that it would be a facility with a storage capacity of 50,000 metric tons of heavy
metal (MTHM) of commercial reactor spent nuclear fuel.  See Section 2.3.1 for an
explanation of how this figure was arrived at.
A rough estimate of the number of assemblies that would be in 50,000 metric tons
of spent fuel can be determined if some of the figures given in the Private Fuel Storage
L.L.C. Safety Evaluation Report are used and the assumption that the PFS L.L.C. figures
are fairly accurate is made.  According to the PFS L.L.C. SER, they plan on storing
40,000 metric tons of spent fuel in 4,000 casks and that works out to 10 metric tons per
cask.1e  According to the Holtec HI-STORM 100 Cask Storage System Safety Evaluation
Report the Multi Purpose Cask model 24 (MPC-24) can store 24 PWR spent fuel
assemblies.4  Therefore, there are .42 metric tons per PWR assembly, which for a facility
designed to hold 50,000 metric tons equates to around 120,000 PWR assemblies.  If
BWR spent fuel assemblies are to be stored, the capacity of the Holtec HI-STORM 100
Multi Purpose Cask model 68 (MPC-68) can be used.  The MPC-68 can store 68 BWR
spent fuel assemblies.  Therefore if all the spent fuel in the IINSFSF were of the BWR
variety, there would be approximately 340,000 assemblies.  Naturally there would be a
mixture of BWR and PWR assemblies in any IINSFSF, therefore the total number of
assemblies would be somewhere between 340,000 and 120,000 assemblies.
2.3.1      Estimate of Required Storage Capacity
The basis for the 50,000 MTHM storage capacity requirement is as follows.  The
current at reactor accumulation of spent fuel for Japan, South Korea and Taiwan (as of
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2003) is approximately 17,480 tons of heavy metal (tHM).7  For a tabulated breakdown
of each country see Table 2.2 below.
Table 2.2 Estimate of necessary spent fuel storage requirements.
Country Current SNF in
Storage
Production of SNF
(MT/YR)
Japan ~ 8930 ~ 450
South Korea ~ 5900 ~ 500
Taiwan ~ 2650 ~ 115
Total ~ 17480 ~ 1065
Therefore assuming the new IINSFSF will receive as an initial shipment all of the
spent fuel currently in storage in Japan, South Korea and Taiwan this will give an initial
requirement for storage at the new IINSFSF of approximately 20,000 metric tons.  The
current at reactor storage capacity in Japan, South Korea and Taiwan is approximately
23,000 metric tons.9  For a tabulated breakdown of each country see Table 2.3 below.
Table 2.3  Estimate of at reactor storage capacity.
Country At Reactor Storage
Capacity (2003)
Japan ~ 13,000
South Korea ~ 8000
Taiwan ~ 2000
Total ~ 23000
If the IINSFSF is to have a useful life of between 50 and 100 years, then a
capacity of 50,000 MTHM is a good entering argument because this number would allow
the IINSFSF to receive the current 20,000 MT of spent fuel in storage at reactor sites and
                                                                                                                                                
e See Table 4-3 of § 4.1.3.1 of Reference 1.
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continue to receive spent fuel from Japan, South Korea and Taiwan at approximately
1,000 metric tons per year (see Table 2.2 above) for 30 years before exhausting its
storage capacity.  Combined with the at reactor storage capacity that already exists in
Japan, South Korea and Taiwan of approximately 23,000 metric tons, this would allow
the storage of all spent fuel from Japan, South Korea and Taiwan now in storage and that
will be produced for 50 years.  Considering that the estimate of 450 tons per year of spent
fuel production for Japan is based on the current reprocessing capability of Japan and that
such capability will likely increase in the future (as the Rokkasho reprocessing plant
comes up to full production and others that may be built come on line) and that some of
the spent fuel that is put in storage may be withdrawn by the owner for reprocessing, a
50,000 metric ton storage capacity IINSFSF seems the most reasonable, accurate and
flexible estimate of need that can be made at this time.
2.3.2   Estimate of the Cask Storage Pad Area
First some acronym preliminaries: MPC stands for Multi Purpose Canister (see
below for further description), PWR stands for Pressurized Water Reactor and BWR
stands for Boiling Water Reactor.
The cask storage pads described in section 5.1.3.1 of the PFS L.L.C SER are
independent structural units constructed of reinforced concrete, designed in accordance
with ACI 349-90.1  Each pad is 30 ft × 64 ft × 3 ft and is capable of supporting eight
loaded HI-STORM 100 storage casks.  The size of the pad is based on a 15-ft center-to-
center spacing of the storage casks.  The cask storage pad design is based on the
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maximum loaded weight of a storage cask of 360,000 pounds, which is the weight of the
HI-STORM 100 storage cask when it is loaded with either the MPC-24 (designed to hold
24 PWR assemblies) or the MPC-68 (designed to hold 68 BWR assemblies) canisters.
The HI-STORM 100 Cask System, which PFS intends to use and which is a fairly
typical system in use at reactor sites currently (see section 6.3 for further detail), is a
canister-based storage system that stores spent fuel in a vertical orientation (the cask and
the fuel rods inside of them are, in effect, standing up). The HI-STORM 100 Cask
System consists of three parts: 1. the multi-purpose canister (MPC), 2. the HI-TRAC
transfer cask, and 3. the HI-STORM 100 storage overpack.4
The MPC is called the confinement system for the spent fuel. It is the metal
canister in which the fuel is sealed. The HI-TRAC transfer cask provides radiation
shielding and structural protection of the MPC during transfer operations. The method of
operation at the PFS facility, and at all similar facilities would be as follows.  When the
spent fuel arrives at the PFS Facility, the MPC would be in an NRC-certified
transportation cask. The HI-TRAC transfer cask would be used to move the MPC from
the shipping cask into the HI-STORM storage overpack. The storage overpack would
provide radiation shielding and structural protection of the MPC during storage. The HI-
STORM system can be used to store either pressurized water reactor (PWR) fuel
assemblies or boiling water reactor (BWR) fuel assemblies. The HI-STORM 100 Cask
System does not rely on any active cooling systems to remove spent fuel decay heat. The
cask system stores up to 24 pressurized water reactor (PWR) fuel assemblies or 68
boiling water reactor (BWR) fuel assemblies.
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Continuing with the PFS proposed procedure for transport, the spent fuel would
be loaded into the MPCs at the originating nuclear power plant. Before transport, the
MPC lid would be welded in place and the canister would be drained, vacuum dried,
filled with an inert gas, sealed, and leak tested. Shipping casks that are approved under 10
CFR Part 71 (e.g., the HI-STAR 100, a typical type of shipping cask) would be used to
transport the MPCs from the originating power plants to the facility. At the facility, the
shipping cask would be lifted off the transport vehicle and placed in a shielded area of the
Canister Transfer Building, called a transfer cell. The MPC would then be transferred
from the shipping cask to the transfer cask, then from the transfer cask into the storage
cask. The storage cask, loaded with the MPC, would then be closed, and moved to the
storage area, using a cask transporter, and placed on a concrete pad in a vertical
orientation.  There are 2 basic types of MPCs, the MPC-24 and the MPC-68.  The MPC-
24 holds the 24 PWR fuel assemblies mentioned above and the MPC-68 holds the 68
BWR fuel assemblies mentioned above.  The HI-STORM 100 storage overpack or
storage cask is a heavy walled steel and concrete cylindrical vessel.  Its sidewall consists
of plain concrete that is enclosed between inner and outer wall carbon steel shells.
The 15-ft center-to-center spacing of the storage casks is based on burnup and
cooling time limits for intact PWR fuel assemblies in a range of:
 33,300 MWD/MTU for 5 years to 44,700 MWD/MTU for 15 years
 and intact BWR fuel assemblies in a range of:
 29,900 MWD/MTU for 5 years to 41,000 MWD/MTU for 15 years.
The PFS storage facility is designed to store up to 40,000 metric tons of uranium
(MTU) in the form of spent fuel from commercial nuclear power plants. The spent fuel
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would be stored in approximately 4,000 storage casks, which roughly estimated is 1,000
MTU in 1 storage cask.  Our entering assumption for a storage facility was 50,000
MTHM.  Assuming 1 MTHM ~ 1 MTU, our hypothetical storage facility would require
5,000 HI-STORM 100 Cask System storage casks.
If 8 such storage casks can be stored on a 30 ft × 64 ft × 3 ft concrete pad, then
this works out to 240 square feet per storage cask.  Multiplying this number by 5,000
gives an area requirement of 1,200,000 square feet (or 27.55 acres).  Using the geometry
given for the storage pad in the SER (essentially a 1 x 2 rectangle), this yields a geometry
for our hypothetical storage facility of 774 ft x 1550 ft or about 2.5 football fields by 5
football fields.
2.3.2.1  Estimate of Cask Storage Pad Area
(if the casks are stored horizontally)
In the event a dry cask storage system is marketed that stores the spent fuel in a
horizontal (laying down) orientation, it may be useful to approximate very roughly the
change such a system would necessitate in the Cask Storage Pad Area.  The PFS L.L.C.
SER used a 15-foot center-to-center spacing length for their HI-STORM 100 MPC with
over pack casks.
If it is assumed that such a center-to-center spacing would be appropriate for a
hypothetical horizontal system, it becomes necessary to understand the dimensions of the
hypothetical horizontal cask storage system.  If the dimensions of the hypothetical
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horizontal cask storage system are assumed to be identical to the Holtec HI-STORM 100
system then the dimensions of the casks are as follows:
1) The diameter of the HI-STORM 100 MPC and overpack = ~ 123.5”.
2) The height of the HI-STORM 100 MPC and overpack = ~ 239.5”.
3) The diameter of the HI-STORM 100 MPC  = ~ 68.375”.
4) The height of the HI-STORM 100 MPC = ~ 190.5”.
Evaluating the dimensions of the casks with a 15-foot center-to-center spacing
length, one arrives at a spacing between canisters of 3.96 feet or approximately 4 feet.  If
these HI-STORM 100 MPC and overpack canister equivalent horizontal cask storage
units are laid on their sides, and a 4-foot buffer is maintained between casks, then the
casks essentially become 28’ by 19’ canisters with a square footage of 532 square feet.  If
our IINSFSF storage facility spent fuel Cask Storage Pad Area must accommodate 5,000
casks, then the required area would be 523 square feet multiplied by 5,000 or 2,660,000
square feet.
This area requirement is over two times the area requirement for the HI-STORM
100 storage cask system.  It therefore can be inferred that in the event a horizontal spent
fuel dry cask storage system becomes available, it would likely be more prudent to use a
vertical spent fuel dry cask storage system with respect to minimizing the required land
area.
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2.3.3   Estimate of the Total Land Area Requirement
In determining the area requirements for an IINSFSF, the area requirements for an
IINSFSF spent fuel Cask Storage Pad Area of 1,200,000 square feet in a geometry of 774
feet by 1,550 feet (see § 2.3.2 above) was the starting point.
Next it must be determined at what distance the perimeter fence should be placed
in order to derive a total area requirement estimate for the IINSFSF.  In determining the
placement of the perimeter fence two factors are taken into account - radiation protection
concerns and security concerns.  The radiation protection concerns are addressed within
the parameters set forth by the NRC.
The limiting conditions will be those set forth in the NRC's regulatory
requirements, which for normal conditions of operation is 25 mrem/yr and for credible
accidents is 5 rem/yr to the general population.  The NRC regulatory requirement for
workers at nuclear facilities is 5 rem/year.
The source of gamma and neutron radiation was assumed to be due to the spent
fuel only.  The only considered source of shielding was that provided by a HI-STORM
100 storage cask.  Radially, the HI-STORM 100 storage cask provides 26-3/4 inches of
concrete shielding and 2-3/4 inches of steel shielding. Axially, the storage cask provides
10-1/2 inches of concrete shielding and 5-1/4 inches of steel shielding in the storage cask
lid.
To find the dose rates likely to occur in a hypothetical facility the estimates
provided from the PFS L.L.C. SER, see § 4.1.3.1 of the SER and § 7 of the SER, were
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relied on.1  The NRC gave Docket No. 72-22 the Safety Evaluation Report filed by
Private Fuel Storage, L.L.C.
The fuel used to provide the basis to calculate the dose rate at various points
related to the PFS L.L.C. facility was split into two categories.  One category of spent
fuel was used to calculate the on-site dose estimates for occupational exposure and
another category was used to calculate off-site dose estimates to members of the general
public.  PWR fuel (in the HI-STORM 100 MPC-24 canister configuration) with a cask-
average burnup and cooling time of 35,000 MWD/MTU for 20 years was used to
calculate average on-site occupational exposure estimates.  PWR fuel with an average
burnup and cooling time of 40,000 MWD/MTU for 10 years was used to calculate off-
site dose estimates to members of the public.  PFS L.L.C. obtained these round figures
for their SER based on an evaluation of discharged spent fuel inventory data gathered by
the Department of Energy.  PFS L.L.C. evaluated the data and calculated the weighted-
average burnups of 32,400 MWD/MTU for PWR spent fuel and 23,800 MWD/MTU for
BWR spent fuel that would likely be stored at their proposed facility.  Using MCNP 4A,
PFS L.L.C. concluded that the average contact surface dose rates for the HI-STORM 100
storage cask would be approximately 35 mrem/hr at the sides, 5 mrem/hr on top, and 15
mrem/hour at the vents, using the off site dose PWR fuel as the basis for the estimate.
PFS L.L.C. then calculated the dose rate at the site boundary, with the site
boundary being set at 2,130 ft. from the cask storage area.1  It can be assumed that this
site boundary was chosen based on site infrastructure space requirements and available
land in addition to ensuring the dose to the general public is below acceptable levels.
PFS L.L.C. then did a calculation to ensure the dose rate at the boundary was acceptable.
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PFS L.L.C. calculated a site boundary dose rate of 0.0028 mrem/hr for 4,000 casks from
direct and scattered radiation exposure.1
Therefore, using the PFS L.L.C. boundary placement of 2,130 feet from the Cask
Storage Pad Area, the area of an IINSFSF would be 3,208,000 square feet (or 73.66
acres) in an elliptical shape.  This area includes 10,000 square feet to provide space for a
cask transfer/unloading facility and personnel support structures.
With a boundary fence at such a distance from the facility, the impact on the total
area from security concerns was negligible.  The security plan put forth by PFS L.L.C
called for the dry cask storage area to be surrounded by a chain link security fence and an
outer chain link nuisance fence, based on 10 CFR 73.51(d)(1).8f  The regulations call for
the spent fuel to be stored within a protected area in such a manner that access to the
stored spent fuel would require passage through, or penetration of, at least two security
barriers.  The first barrier is the protected area barrier that is comprised of double fences,
meeting the definition of physical barrier in 10 CFR 73.2. The double fences include a
twenty-foot isolation zones between the outer and inner fences.  The second barrier is the
dry cask storage cask.  These security fences can be fitted within the outer area, boundary
fence, easily and thus do not impose any additional area requirements upon the IINSFSF.
                                                
f 10 CFR 73.51 Requirements for the physical protection of stored spent nuclear fuel and high-level
radioactive waste.
(d) Physical protection systems, components, and procedures. A licensee shall comply with the following
provisions as methods acceptable to NRC for meeting the performan capabilities of § 73.51(b)(2). The
Commission may, on a specific basis and upon request or on its own initiative, authorize other alternative
measures for the protection of spent fuel and high-level radioactive waste subtect to the requirements of
this section if after evaluation of the specific alternative measures, it finds reasonable assurance of
compliance with the performance capabilities of paragraph (b)(2) of this section.
(1) Spent nuclear fuel and high level radioactive waste must be stored only within a protected area so that
access to this material requires passage through or penetration of two physical barriers, one barrier at the
perimeter of the protected area and one barrier offering substantial penetration resistance. The physical
barrier at the perimeter of the protected area must be as defined in § 73.2 Isolation zones, typically 20 feet
wide each, on both sides of this barrier, must be provided to facilitate assessment The barrier offering
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2.4  Site Infrastructure Suitability
This section will be broken into four parts: 1) a description of the general
infrastructure requirements likely to be required for any IINSFSF; 2) a delineation of the
applicable requirements of Title 10 of the U.S. Code of Federal Regulations section
72.122 – Overall requirements (as pertains to the licensing requirements for the
independent storage of spent nuclear fuel and high level radioactive waste).  Although
these regulations would only apply to a U.S. nuclear spent fuel storage facility, they are
generally applicable and useful guidelines which an IINSFSF would do well to emulate
even if in a modified form; 3) a classification of the structures set forth as being either
critical to safe operation, having a major impact on safe operation, or having a minor
impact on safe operation and 4) applicability to an IINSFSF.
2.4.1 General infrastructure required for any IINSFSF
It is likely that any functioning IINSFSF will have at least six major structures
that will allow for the operation of the facility.  These six major structures would be:  a
storage building or a storage pad exposed to the elements, a canister transfer building to
allow for the transfer of the spent fuel from the shipping casks to the storage casks, an
inspection building to allow for inspection of the shipping casks as they arrive and before
they are sent to the transfer building, a personnel support building to provide
accommodations and administrative and life support for personnel operating the facility,
                                                                                                                                                
substantial resistance to penetration may be provided by approved storage cask or building walls such as
those of a reactor or fuel storage building.
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a security and health physics building which is also commonly known as an operations
building, and finally a maintenance building where the prime movers and other critical
equipment could be maintained.
The facility could be separated into two distinct areas.  A restricted area for
storing and transferring the fuel, and another less restricted area where the fuel would
only be present while in the shipping cask.
The shipping casks containing canisters would arrive at the site from the
originating power plant either by rail, water transport or heavy haul tractor-trailer
transport. Upon arrival at the site the shipping cask, impact limiters, and shipping cradle
could be visually inspected at the inspection building. Personnel would then transfer the
shipping cask into a designated area to perform radiological monitoring. After the receipt
inspection is complete, the shipping casks would be transferred into the facility’s
restricted area while still in the shipping cask and then on into the Canister Transfer
Building.  The procedure of moving the shipping cask to the transport vehicle, which will
carry the shipping cask into the Canister Transfer Building, will require a crane capable
of handling a minimum of 160 tons.9
 The Canister Transfer Building is where the multi-purpose canisters (MPC) could
be transferred from the shipping cask to the storage cask (overpack) and should be
located within the restricted area. An overhead bridge crane and a semi-gantry crane
should be located within the Canister Transfer Building to facilitate the shipping cask
unloading operations as well as the canister transfer operations.  At the Canister Transfer
Building, the shipping cask could be lifted off the transport vehicle and placed in a
shielded area of the Canister Transfer Building, referred to as a transfer cell. The MPC
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would then be transferred from the shipping cask to the transfer cask and then from the
transfer cask into the storage cask. The storage cask, loaded with the MPC, then would be
closed, and moved to the storage area using a cask transporter.  It would at that point be
placed on the concrete pad in a vertical orientation.
The cask storage area surrounding the concrete Cask Storage Pads that support the
storage casks (or possibly a storage building) could be surfaced with compacted gravel
that slopes slightly to allow for the runoff of storm water.
The facility must be able to accommodate one or more of three possible modes of
shipment of the shipping casks: rail, road or waterborne shipment.  As part of the access
requirements, the site layout would likely include three embankments: a railroad
embankment, a facility berm, and an access road embankment.
External security of the facility would require fences, patrols and surveillance
equipment and security support equipment.  The fencing would likely consist of an outer
nuisance fence that would serve both to demarcate the outer boundary of the facility as
well as minimize nuisance intrusions.  An inner security fence would surround the
restricted area, wherein most of the buildings, except for the inspection building, as well
as the spent fuel in storage would be located.  This inner security fence would provide
security and ensure that unmonitored individuals stay within the radiological controls
guidelines.  Therefore, the security fence would need constant monitoring to fulfill its
requirements.
Other systems and items which would be required include be a standby electrical
power system, cask transport vehicles, flood prevention earthworks if necessary, fire
protection systems, radiation monitoring systems, and temperature monitoring systems.
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2.4.2   10 CFR 72.122 Applicable Requirements
This section provides overall or miscellaneous licensing requirements for the
independent storage of spent nuclear fuel and as such have some subsections that are of
particular interest to an IINSFSF.
2.4.2.1   10 CFR 72.122(i) Requirements10g
This section requires that instrumentation and control systems to be provided to
monitor systems that are classified as important to safety.  The storage casks, however,
would not require any extensive instrumentation and control systems to ensure safe
operation when they are placed into storage.  However, during operation of the facility
the temperatures of the storage casks should be monitored. This is prudent because these
measurements will provide a means to assess the thermal performance of the storage
casks. The temperature monitors used at the facility should be equipped with data
recorders and alarms located in the Security and Health Physics or Operations building.
Because the temperature monitors purpose would be for data accumulation, they would
not be classified as important to safety. The storage casks to be used would be passively
cooled; therefore, the failure of a temperature monitor would not initiate an off-normal or
accident condition.
                                                
g10 CFR 72.122(i) Instrumentation and control systems. Instrumentation and control systems for wet spent
fuel and reactor-related GTCC waste storage must be provided to monitor systems that are important to
safety over anticipated ranges for normal operation and off-normal operation. Those instruments and
control systems that must remain operational under accident conditions must be identified in the Safety
Analysis Report. Instrumentation systems for dry storage casks must be provided in accordance with cask
design requirements to monitor conditions that are important to safety over anticipated ranges for normal
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2.4.2.2   10 CFR 72.122(k)(1) Requirements11h
This section requires that each utility system classified as important to safety
include redundant systems designed to maintain the ability to perform safety functions
assuming a single failure.  The proposed self-contained, passively cooled storage facility
would not require permanently installed auxiliary systems. All auxiliary systems
supporting loading and off-loading the casks, periodic monitoring, and maintenance
could be designed to be portable. Additionally, these systems would not be important to
safety and therefore 10 CFR 72.122(k)(1) would not apply.
2.4.2.3   10 CFR 72.122(k)(3) Requirements12i
This section requires that the proposed design of the Facility include provisions so
that emergency power is provided to permit continued functioning of all systems essential
to safe storage.  Designing a facility that would not include systems and subsystems that
require continuous electric power to permit continued functioning is possible.  Therefore,
the design of the facility would not require emergency power thus rendering the
requirements of 10 CFR 72.122(k)(3) inapplicable.  However, it would be safer and wiser
                                                                                                                                                
conditions and off-normal conditions. Systems that are required under accident conditions must be
identified in the Safety Analysis Report.
h 10 CFR 72.122(k) Utility or other services. (1) Each utility service system must be designed to meet
emergency conditions. The design of utility services and distribution systems that are important to safety
must include redundant systems to the extent necessary to maintain, with adequate capacity, the ability to
perform safety functions assuming a single failure.
i 10 CFR 72.122(k)(3) Provisions must be made so that, in the event of a loss of the primary electric power
source or circuit, reliable and timely emergency power will be provided to instruments, utility service
systems, the central security alarm station, and operating systems, in amounts sufficient to allow safe
storage conditions to be maintained and to permit continued functioning of all systems essential to safe
storage.
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to meet the requirements of 10 CFR 72 (particularly those identified above as applicable
to an IINSFSF) whenever economically feasible.
2.4.3   Structure Classification
Classifying the various structures, systems and components with respect to safety
is useful in that it provides a means of comparing one potential site against another by
allowing a critical analysis of which structures, systems or components will require the
highest level of expertise to build and install and which structures, systems or
components would require only a much lower level of expertise.
Once this analysis is complete it would then be possible to evaluate the local
levels of expertise at potential sites and select the most preferable site, with respect to site
infrastructure suitability, as the site that has the highest level of expertise and therefore
will require fewer outside individuals with the required expertise to be brought to the site.
This will help to minimize the expenditure of resources and give the project a better
chance for success.  Knowing the level of expertise that each structure, system or
component requires will help to determine how important it is in the grand scheme of the
IINSFSF project to select a site with the highest level of local expertise.
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Table 2.4 Classification of structures, systems and components with respect to safety.1j
Category
Structures,
Systems, and
Components Reasoning
A Spent Nuclear
Fuel Canister
Serves as the primary confinement structure for the Spent
Nuclear Fuel assemblies and is designed to remain intact
under all accident conditions analyzed. It provides
confinement, criticality control, heat transfer capability, and
radiation shielding.
B Storage Cask Serves as the primary component for protecting the canister
during storage from environmental conditions and provides
radiation shielding and canister heat rejection.
B Transfer Cask Designed to support the canister during transfer lift
operations and provide radiation shielding and canister heat
rejection.
B Canister Transfer
Building
Designed to protect the canister from adverse natural
phenomena during shipping cask load/unload operations
and canister transfer operations, provide radiological
shielding to workers during transfer operations, and support
for the canister transfer crane. The Canister Transfer
Building also houses the fire-suppression system.
B Canister Transfer
Overhead Bridge
Crane
Designed as a single failure proof system to preclude the
accidental drop of a shipping cask during load/unload
operations or a canister during the canister transfer
operations.
B Canister Transfer
Semi-Gantry
Crane
Designed as a single failure proof system to preclude the
accidental drop of a shipping cask during load/unload
operations or a canister during the canister transfer
operations.
B Seismic Support
Struts
Designed to ensure that the transfer, storage, and shipping
casks will remain stable and not topple in the event of an
earthquake.
C Cask Storage
Pads
Designed to ensure a stable and level support surface for the
storage cask under normal, off-normal, and accident
conditions. It provides a yielding surface for the drop/tip-
over of the storage cask.
Classification Category A- Items in this category are Critical to Safe Operation,
whose failure or malfunction could directly result in a condition adversely affecting
                                                
j See § 4.1.2 of Reference 1.
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public health and safety. The failure of a single item could cause loss of primary
containment leading to release of radioactive material, loss of shielding, or unsafe
geometry compromising criticality control.
Classification Category B- Items in this category have a Major Impact on Safety,
whose failure or malfunction could indirectly result in a condition adversely affecting
public health and safety. The failure of a Category B item, in conjunction with failure of
an additional item, could result in an unsafe condition.
Classification Category C- Items in this category have a Minor Impact on Safety,
whose failure or malfunction would not be likely to create a situation adversely affecting
public health and safety.
Those structures, systems, and components that are not considered important to
safety are the following: the Security and Heath Physics building (Operations), the
Personnel support building, the Maintenance building, the Inspection building, the fire
detection and suppression systems, the security systems, the electrical systems, the
radiation monitors, the temperature monitoring system, the flood control berm and the
cask transporter.  The storage facility infrastructure, buildings, and facilities are necessary
to support operation of the Facility. However, they are not necessary to ensure safe
storage of the spent fuel because the storage cask system is passive. Therefore, they are
classified as not important to safety.
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2.4.4   Applicability
A potential site should ideally be able to accommodate one of the three modes of
transportation available.  In addition it should also be able to receive a 160-ton crane and
have the local technical expertise to accommodate the construction of the canister transfer
building and the installation and operation of the crane.  This is because these items are
considered to have a major impact on safety.
2.5  Transportation Infrastructure Suitability
Any potential IINSFSF site should be able to receive spent fuel safely and in the
most cost effective and efficient manner possible.  Any site should be accessible via a
railroad in good operating condition originating from a well-equipped port as a best-case
scenario.  It would also be feasible for the site to have access from the port to the site via
a well-maintained highway or perhaps even via a river where the spent fuel would be
transported down the river from the seaport on a barge.  It is prudent to follow procedures
designed to ensure safe transportation of spent nuclear fuel, such as those that are detailed
below.  None of the procedures referred to below present any obstacles to safe shipment
that could not be overcome at any of the sites under consideration for this thesis.
Any seaborne shipments should be able to meet the requirements of the
International Maritime Organization, a subsidiary arm of the U.N.  Specifically, the
International Convention for the Safety of Life at Sea (SOLAS), Chapter 7, Part D sets
out special requirements for the carriage of packaged irradiated nuclear fuel, plutonium
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and high-level radioactive wastes on board ships.13  SOLAS is supplemented by the
International Code for the Safe Carriage of Packaged Irradiated Nuclear Fuel, Plutonium
and High-Level Radioactive Wastes on Board Ships (INF Code).14 The INF Code sets out
how irradiated nuclear fuel should be carried, which SOLAS now requires all of its
signatories to follow.  Most major maritime nations are signatories of the SOLAS
convention.  For a complete list of all the countries that have signed the SOLAS
convention (entered into force in 1974) please see Appendix B.13
Overland transportation of spent fuel should strive to meet similar requirements to
those set forth in the U.S. Department of Transportation (DOT) regulations.k  Meeting the
requirements of the DOT regulations would not present insurmountable difficulties or
expense.  In addition, the applicable portions of the U.S. Federal Code set forth by the
NRC and pertaining to transportation would be useful.l
2.6  Meteorological Suitability
There are certain meteorological conditions that should be met by the ideal
candidate site for any potential IINSFSF.  These conditions are based on the weather
conditions that will meet the criteria for the cask storage system of interest, the HI-
STORM 100 cask system, and thus the meteorological conditions may vary slightly if a
different cask storage system is used.
                                                
k  49 CFR 171 (General Information, Regulations, and Definitions), 49 CFR 172 (Hazardous Materials
Tables and Hazardous Materials Communications Regulations), 49 CFR 173 (Shippers General
Requirements for Shipments and Packaging; both Subpart X "General" and Subpart I - "Radioactive
Materials"), 49 CFR 174 (Carriage by Rail), 49 CFR 176 (Carriage by Vessel) and
49 CFR 177 (Carriage by Public Highway).
l 10 CFR 71 (Packaging and Transportation of Radioactive Material).
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Although there are no specific requirements regarding the amount of precipitation
that a potential site may accumulate with respect to the anticipated cask system, it is more
prudent to construct any facility in a region that yields as little precipitation as possible.
Corrosion of the metallic and concrete components of the cask system is the main reason
for the desire to limit precipitation.  Due to the robust nature of the cask system,
corrosion is not a concern in the short-term.  However, it is always better to limit
corrosion when possible.  Thus, constructing a facility in an arid environment is ideal.
The cask system, however, does impose temperature constraints on potential sites.
Fortunately these constraints are not rigorous.  The constraints allow for a large portion
of the earth’s surface to be considered as potential storage sites.  The cask system
requires that the maximum average temperature throughout the year be no greater than 80
degrees Fahrenheit.4m  Additionally, the maximum temperature averaged over a three-day
period can be no greater than 125 degrees Fahrenheit and no less than –40 degrees
Fahrenheit.4n  These temperature constraints are related to the decay heat requirements of
the cask system, which accomplishes decay heat removal via natural circulation of air.
These temperature constraints, although definite, are not extremely restrictive.
Finally, there are certain flood conditions that must be met by any potential
storage site.  The cask system used for benchmark purposes requires that the peak water
velocity in any flood situation not exceed 15 feet per second.4p  It further mandates that
the maximum height that the floodwater may reach above the ground on which the casks
rest be no greater than 125 feet. 4op
                                                
m See p. 4-4, Table 4-2 of Reference 4.
n See § 4.3 (Thermal Load Specification / Ambient Temperature) of Reference 4.
o See p. 11-6, § 11.2.7.2 (Consequences of Floods) and § 3.4.2 (Accident Conditions) of Reference 4.
p This limit is for a fully submerged overpack containing a Multi Purpose Canister at the minimum weight.
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2.7  Willingness of Host Nation
The willingness of a host nation to allow for the construction of an IINSFSF is an
important criterion.  The greater the willingness of a host nation to accept and assist in
the importation and storage of spent nuclear fuel, the less time and expense a company
seeking to establish an IINSFSF in that nation will have to expend.  In order to compare
potential sites it would be useful to derive categories or levels to place potential host
countries in.
There are three separate levels in which any potential host nation may exist.  The
first, and most desirable level, is that the host nation wants to import and store nuclear
spent fuel and already has appropriate legislation permitting the same.  The second level
is one in which the host nation desires to import and store nuclear spent fuel, but does not
yet have the appropriate legislation in place.  The third, and least desirable level is one in
which the host nation has no desire to accommodate the importation and storage of spent
nuclear fuel.
2.8   Population Density Criteria
2.8.1   General Areas Affected
There appears to be five general areas that are dependent on the population
density in the immediate vicinity of the IINSFSF and that would affect the approach
55
taken by the designers of an IINSFSF as well as the overall impact of an IINSFSF
project.
The first area encompasses the concerns of the local population toward the
installation of a nuclear facility in their immediate vicinity, the so called “not in my
backyard” syndrome or NIMBY.  As the population density increases, so does the
challenge of overcoming any NIMBY concerns and obtaining local support and approval
for the IINSFSF.
The second area is ensuring the security of the IINSFSF from attack by
proliferators.  As the population density increases, it becomes more difficult to secure the
facility.  In a densely populated area, there is likely to be less reliance on automated
systems for security and a greater necessity for human proactive action to maintain the
security of the facility at an acceptable level.  The only portion of ensuring the security of
the IINSFSF that would be improved by an increase in the population density would be
the emergency response of outside help should a security breach or emergency occur at
the facility.  In a densely populated area, it is likely that an emergency response
infrastructure would already be in place and be more robust than in a sparsely populated
region.
The third general area that would vary greatly depending on the population
density is that of worker support.  In contrast to the preceding areas, as the population
density increases the challenge of providing worker support decreases.  In a less isolated
environment, it is easier to obtain support for the permanently assigned workers and also
easier to obtain temporary help from the community if necessary.
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The fourth general area relates to the risk to the local population from an accident
at the facility.  As the population density increases, the overall risk to the population
increases as well.
The fifth and final general area that varies greatly depending on the population
density is the area of transportation costs.  As the population density increases, there is
typically a concurrent increase in the infrastructure support capabilities of the local area,
especially in the transportation infrastructure.  Thus, as the population density increases,
the cost associated with the transportation of the spent fuel to and from the facility
decreases.  Of course, there is probably going to be an overall increase in the objections
voiced by the local population over transporting spent fuel in and or around the local area
which may serve to increase the transportation cost, but that problem is more properly
dealt with in the NIMBY area.
2.8.2   Overcoming the NIMBY Phenomenon 7
There are a number of steps one can take to overcome the objections of the local
inhabitants to the location of an IINSFSF in their community.  The best place to start is
by instituting a process that seeks acceptable sites through a volunteer process.  This may
not always be possible, but if feasible it would greatly ease the difficulties associated
with obtaining local approval.  An example of a successful volunteer process for the
siting of an intermediate nuclear spent fuel storage facility is the Goshute American
Indian Nation of Toole County Utah, volunteering to allow Private Fuel Storage (PFS)
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Limited Liability Company (L.L.C.) to construct an INSFSF on their land.  It may even
be possible, and it is highly desirable, to obtain a competitive bidding process.
  There is a pitfall associated with the volunteer process that prospective
companies should be careful to avoid.  The volunteer process can lead to only poor
communities volunteering, which could lead to charges of environmental injustice.
Accepting applications from only poor communities is not advisable.
The volunteer process may also avoid arguments over whether it is fair to place
the IINSFSF in the community of interest.  For example, it is not fair to involuntarily put
the IINSFSF in a certain location because the location has realized no benefit from the
operation of the nuclear power plant that produced the spent fuel.
It would be acceptable to cooperate with the elected officials of the local
government, allowing them to volunteer the community to the extent that the process is
exploratory in nature.  Organizations seeking to locate the IINSFSF should exert
maximum effort and strongly encourage the local authorities to make every effort to have
the final decision made by a binding referendum of the concerned citizenry, at the least in
the local community.  Obtaining the approval of regional or state authorities will
probably be necessary.   It is likely, however, that a referendum of the regional or state
population will not be necessary or helpful.
The next step to overcoming the objections of the local inhabitants to the location
of an IINSFSF in their community is to keep multiple options open.  This includes all
options available for both multiple sites and multiple approaches to managing the fuel.
This allows flexibility and encourages give and take that in negotiation can lead to
satisfaction on both sides.  Prospective companies should be prepared to allow
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communities to have significant input into important decisions, maintaining multiple
options in the planning process will allow for this.
The third step that can be taken is to work diligently to achieve agreement among
local parties that the proposed facility is a good thing and in the best interests of the
community. The organization proposing the facility should focus on the benefits that the
facility will bring to the community.  In addition, as a good means of emphasis, the
organization proposing the facility should point out the costs of not having the facility
built in the area of the community.
For instance, it could be emphasized how building the facility would be a benefit
for their countrymen and the world at large because the facility would serve to minimize
the risks associated with not having an interim storage facility.  One risk associated with
not having a facility of this type is that it might be necessary to shut down existing
reactors due to a critical lack of storage space for the spent fuel, which in turn leads to
increased reliance on fossil fuels for the supply of energy.  Another risk associated with
not having an interim storage facility is the increased likelihood of proliferation of
fissionable material and highly radioactive material that may be used in the fabrication of
a nuclear weapon or a radiological or “dirty bomb”.  It could be noted that the security
measures to protect fissionable and radioactive material from such a fate would be much
more effective if the material was concentrated at one point instead of requiring the
necessity of guarding hundreds of sites.
Another way to achieve agreement among local parties that the proposed facility
is a good thing and in the best interests of the community is for the organization to
contribute money and effort to make the host community better off.  In order for this
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intention to be useful from the beginning of the process, the proposing organization
should lay out packages of benefits very clearly.  However, it is necessary to ensure that
any governmental authorities that may be required to be involved in order for the
proposed benefits to be implemented are on board with the benefits package before
offering it.  Offering something to the community prematurely and then being forced to
rescind the offer because required permits are unobtainable could irreparably damage the
credibility of the organization in the eyes of the community.
It is interesting to note that polling indicates that sometimes monetary
compensation can increase opposition to a proposal by suggesting the risks may be even
higher than thought.   The logic is that if a company has to offer compensation there must
be risks that the company is concealing from the public.  Therefore, the proposing
organization should not emphasize the compensation.  It should be stressed that the
compensation being offered is secondary to the measures that will be taken to mitigate
the impact on and safeguard the welfare of the community and secondary to the benefit
that will be bestowed on their countrymen and the world at large.  Additionally, this
reluctance could be overcome if the proposing organization scrupulously develops a
reputation for honesty and maintains a high degree of transparency about its operations
with the local community.
Rather than use funds to make cash payments to members of the community, it
would be wiser to use funds to address the areas that are directly affected by the
IINSFSF.  For example, funds could be deposited in an account set up to compensate
property owners for decreased property values.  Generally there are five kinds of funds
that could be set up to address the areas that are directly affected by the IINSFSF.  The
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first kind of awards are known as “in kind awards”, that is, paying for necessary roads
and infrastructure, emergency services etc.  A second kind of awards is known as a
contingency fund.  Contingency funds are those funds that are set aside to pay for
accident insurance policies and other likely contingencies.  A third kind, previously used
as an example, of award is an award that serves as a guarantee of property values
(obviously, this kind of award would be of no use in a communist country such as China).
A fourth kind of award is an assurance of what jobs will be set aside to be filled by
members of the community.  These can be called benefit assurances.  Lastly, goodwill
measures comprised of charitable giving to institutions important to local residents such
as schools and hospitals are important and helpful, although only tangentially related to
an area that is directly affected by the IINSFSF.
Building confidence that the storage facility will truly only be temporary is
another way to overcome the objections of the local inhabitants to the location of an
IINSFSF in their community.  In order to achieve this, the proposing organization must
demonstrate and elucidate for the community progress toward a permanent solution of the
disposition of spent nuclear fuel.  The proposing organization should also have in place
and present to the community contingency plans for disposition of the spent nuclear fuel
in the event that no permanent solution is in place at the end of the proposed storage
period.
It is also a good idea to make liberal use of contingent agreements with the local
community that will serve to specify what will be done in the event of an emergency and
what role the local authorities will play during the emergency.  Besides the advantage of
prior planning, these agreements will help incorporate the facility into the local
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community even before construction begins by establishing personal contacts between
the proposing organization and the local fire and police departments, rescue and health
workers, etcetera.
As previously mentioned, it is extremely important that the credibility of the
proposing organization be beyond reproach.  Therefore, the proposing organization must
work to develop trust in the community.  Some ways to do this are to ensure that all
information provided to the community is complete, accurate and timely; to admit (freely
and openly) to past mistakes and to identify quickly solutions that have been
implemented to prevent past mistakes from re-occurring; to avoid exaggerated claims and
assurances, hyperbole rarely inspires confidence or trust; and finally to provide the
community with funding that allows the community itself to hire their own experts to
review proposals, construction and operation plans and proposals of the IINSFSF.  It is
also a good idea to address fully all negative aspects of the IINSFSF.
The proposing organization should institute a broad based participatory process
that allows for multiple opportunities for sustained dialogue between the community and
the industry.  This type of approach is historically much more likely to succeed than the
secretive “decide, announce, defend” approach.  It is also helpful to set realistic
timetables.  This helps prevent erosion of trust in the community and also prevents time-
consuming lawsuits from being filed when unrealistic timetables are not met.
Finally, in order to overcome the objections of the local inhabitants to the location
of an IINSFSF in their community, the proposing organization could seek a consensus.
The consensus should be at least a supermajority of either two thirds or three quarters.
This type of supermajority prevents a subsequent rejection that may occur after approval
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by only a bare majority.  The proposing organization could also guarantee that stringent
safety standards will be met.  In order for these guarantees to be meaningful, it is
necessary to have experts perceived as fully independent review the safety proposals.
2.8.3    Applicability
Of the five areas looked at, three of the areas are adversely affected (NIMBY,
Security and Risk) by locating the IINSFSF in a high population density area while two
(Worker Support and Transportation Costs) are favorably affected by locating the
IINSFSF in a high population density area.  The ideal criteria seems to be a location that
is remote with respect to the immediate area around the IINSFSF yet within short travel
distance of an area with a fairly high population density to provide the personnel and
transportation support necessary for an efficient IINSFSF.
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2.9   Criteria Summary Table
Criteria Ideal Requirement
Geological Suitability Able to support static load of at least 1.94 kilograms per square
foot
Evaluated for liquefaction potential
Not located over an aquifer
No unstable slopes close to facility
Seismic Stability Not built in an area with earthquakes > or = 7.3 on the Richter
scale
Land Area Suitability Availability of 3,208,640 square feet of land
Site Infrastructure Suitability Able to receive either rail, water or road transport of spent fuel
shipping casks
Local expertise to accommodate the reception and installation of a
160 ton crane
Local expertise to accommodate the construction of a canister
transfer building
Transportation Infrastructure
Suitability
Access via railroad from a well equipped port
Meteorological Suitability Arid environment
Maximum average temperature throughout the year < 80 degrees
Fahrenheit
Maximum temperature averaged over a three day period can be
no greater than 125 degrees Fahrenheit and no less than -40
degrees Fahrenheit
Peak water velocity in a flood situation can not exceed 15 feet per
second
Maximum height of flood water < 125 feet
Willingness of Host Nation The host nation wants to allow importation of spent nuclear fuel
and already has the legislation in place to permitting it.
Population Density Criteria The location is remote with respect to the immediate area around
the IINSFSF yet close to an area with an intermediate population
density
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CHAPTER THREE                                                                                               
Safety and Safeguards
3.1  Necessity and Intended Protocol
The Treaty on the Non Proliferation of Nuclear Weapons (NPT) requires that non-
nuclear weapons states shall agree to accept safeguards, as set forth in an agreement to be
negotiated and concluded with the International Atomic Energy Agency (IAEA).1  In
addition, the United States would almost certainly require any NPT designated weapons
state to agree to IAEA inspection of an IINSFSF before giving their permission for U.S.
origin spent fuel to be transferred.  For this reason, it is highly likely that any nation
hosting an IINSFSF would have to abide by an IAEA inspection regime and therefore the
result of this necessity should be examined.
Any IINSFSF host country should abide by the safety and safeguards criteria, via
a safeguards agreement, set forth in the IAEA Information Circular revision 2
(INFCIRC/66/Rev.2).a  As there is no provision in the information circular specifically
for an IINSFSF, it would seem prudent that a potential storage facility would adhere to
the requirements of Annex II (provisions for safeguarded nuclear material in conversion
plants and fabrication plants) with respect to submission of reports and frequency of
inspections. Since the Information Circular only presents three options (to follow the
requirements for nuclear reactors or reprocessing facilities or conversion and fabrication
                                                
a See Appendix A for complete text of IAEA Information Circular revision 2 (INFCIRC/66/Rev.2).
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plants) it is best to use the Annex II (provisions for safeguarded nuclear material in
conversion plants and fabrication plants) option as this most closely models an IINSFSF.
It is necessary that the host country agree to allow the provisions of the IAEA
Information Circular revision 2 Annex II to be enforced if the host country is an NPT
designated weapons state (and therefore normally exempt from IAEA inspection).
Assuming this is the case, the pertinent portions of the IAEA Information Circular
revision 2 are set forth below.
3.2       Pertinent Portions of the Protocol
3.2.1   Design Review
It is the responsibility of the IAEA to review the design of the principal nuclear
facilities (the IINSFSF), for the sole purpose of satisfying itself that a facility will permit
the effective application of safeguards.2b The design review of a principal nuclear facility
shall take place at as early a stage as possible.2c
To enable the IAEA to perform the required design review, the company
operating the IINSFSF shall submit to it relevant design information sufficient for the
purpose, including information on such basic characteristics of the principal nuclear
facility as may bear on the IAEA's safeguards procedures.2d  The company operating the
IINSFSF shall arrange for the keeping of records with respect to the principal nuclear
facilities.2e  In order to do this, the company operating the IINSFSF and the IAEA shall
                                                
b See paragraph 30 of Reference 2.
c See paragraph 31 of Reference 2.
d See paragraph 32 of Reference 2.
e See paragraph 33 of Reference 2.
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agree on a system of records based on proposals submitted by the company operating the
IINSFSF to the IAEA in sufficient time to allow the IAEA to review them before the
records need to be kept.2e  The records shall consist of accounting records of all
safeguarded nuclear material.2f All records shall be retained for at least two years.2g
3.2.2   Report Submission
Routine reports shall be submitted and based on the records compiled.2h  These
routine reports consist of accounting reports showing the receipt, transfer out, inventory
and use of all safeguarded nuclear material.2i The inventory should indicate the nuclear
and chemical composition and the physical form of all the material as well as where the
nuclear material is located on the date of the report.2j  The first routine reports shall be
submitted as soon as there is any safeguarded nuclear material to be accounted for, after
that the frequency of routine report submission should be once each calendar month.2j
The IAEA may request information from the operators of the IINSFSF as to when
particular stages in the construction of a principal nuclear facility have been or are to be
reached, if so provided in a the safeguards agreement between the IAEA and the host
country.2k
The company operating the IINSFSF should report to the IAEA without delay if
any unusual incident occurs involving actual or potential loss or destruction of, or
                                                
f See paragraph 35 of Reference 2.
g See paragraph 36 of Reference 2.
h See paragraph 39 of Reference 2.
i See paragraph 39a of Reference 2.
j See paragraph 40 and Annex II, paragraph 2 of Reference 2.
k See paragraph 41 of Reference 2.
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damage to, any safeguarded nuclear material or principal nuclear facility.2l  In addition,
the company operating the IINSFSF should report to the IAEA without delay if there is
good reason to believe that safeguarded nuclear material is lost or unaccounted for in
quantities that exceed the normal operating and handling losses that have been accepted
by the IAEA as characteristic of the facility.2m  The company operating the IINSFSF
should report to the IAEA, as soon as possible, and in any case within two weeks, any
transfer not requiring advance notification that will result in a significant change (to be
defined by the IAEA in agreement with the company operating the IINSFSF) in the
quantity of safeguarded nuclear material in the facility.2n Such a report should indicate
the amount and nature of the material and its intended use.2n   At the IAEA's request the
company operating the IINSFSF may have to submit amplifications of clarifications of
any report.2o
It also would be prudent to make all the above reports to the government of the
host country but it is not required by the protocol.
3.2.3   Inspections
The IAEA may inspect safeguarded nuclear materials and principal nuclear
facilities at any time.2p  Further, the IAEA may carry out as many routine inspections per
year as it deems necessary as long as the IINSFSF has more than 60 kilograms of nuclear
                                                
l See paragraph 42a of Reference 2.
m See paragraph 42b of Reference 2.
n See paragraph 43 of Reference 2.
o See paragraph 44 of Reference 2.
p See paragraph 45, and Annex II, paragraph 3 of Reference 2.
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materials.2q  The purpose of safeguards inspections shall be to verify compliance with
safeguards agreement and to assist the company operating the IINSFSF in complying the
safeguards agreement and in resolving any questions.2r  Routine inspections may include
an audit of records and reports, a verification of the amount of safeguarded nuclear
material by physical inspection, measurement and sampling and visual examination of
principal nuclear facilities.2s
To verify that the construction of the IINSFSF is in accordance with the design
reviewed by the IAEA, an initial inspection or inspections of the facility may be carried
out before the facility starts to operate, if so provided in the safeguards agreement
between the host country and the IAEA.2t  The measuring instruments and operating
characteristics of the facility should be reviewed to the extent necessary for the purpose
of implementing safeguards.2u  Instruments that will be used to obtain data on the nuclear
materials in the facility may be tested to determine their satisfactory functioning.2u   Such
testing may include the observation by inspectors of commissioning or routine test by the
staff of the facility, but shall not hamper or delay the construction, commissioning or
normal operation of the facility.2u
The IAEA may carry out special inspections if the study of a report indicates that
such inspection is desirable; or any unforeseen circumstances require immediate action.2v
The IAEA may also carry out special inspections if a substantial amount of safeguarded
nuclear material is to be transferred outside the jurisdiction of the State in which the
                                                
q See paragraph 50, paragraph 57 and Annex II, paragraph 3**** of Reference 2.
r See paragraph 46 of Reference 2.
s See paragraph 49 of Reference 2.
t See paragraph 51 of Reference 2.
u See paragraph 52 of Reference 2.
v See paragraph 53 of Reference 2.
70
IINSFSF is located.2w  If this is the case, then the company operating the IINSFSF should
give the IAEA sufficient advance notice of the proposed transfer.  It would also be
helpful if the company operating the IINSFSF were prohibited from transferring
substantial nuclear material outside of the IINSFSF itself without first notifying the IAEA
of the proposed transfer and allowing the IAEA sufficient time to monitor said transfer.
Such a prohibition could be included in the safeguards agreement between the host
country and the IAEA.
                                                
w See paragraph 54 of Reference 2.
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3.3       References
                                                
1 The Treaty on the Non Proliferation of Nuclear Weapons (NPT), United Nations,
Article III.
2 IAEA Information Circular revision 2 (INFCIRC/66/Rev.2).
CHAPTER FOUR                                                                                                 
Limited Overview of Some Legal Issues
4.1  Applicable International Treaties
When examining the legal issues associated with a hypothetical IINSFSF there
are two general areas that must be investigated.  These are the areas of applicable
international treaties between the host nation and all contributing nations and the area of
applicable national statutes that will affect the IINSFSF.
The two major treaties in the world today dealing with the civil liability of nuclear
facility operators as the result of a nuclear related mishap, are commonly referred to as
the Vienna Convention and the Paris Convention.
Before going into detail about either treaty, it is useful to point out the major
differences between the two treaties in order to clarify the general positions of the
signatory states of the respective treaties.  The biggest area in which the two treaties
differ is in the area of an imposed cap of the amount of liability a nuclear facility operator
would be exposed to in the event of a nuclear mishap.  The Paris Convention provides for
such a cap, the Vienna Convention does not.  Although, the Vienna Convention does
allow the signatory state to provide for a separate cap via national law, as long as the
signatory state does not set the cap below a certain minimum (the details of which are set
forth below).
The other major area wherein the treaties differ is in their respective required
statutes of limitations.  The Vienna Convention requires that signatory states impose at
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least a ten-year statute of limitations and allows for the signatory states to impose a
statute of limitation as low as three years but no lower.  The statute of limitation balloons,
however, to thirty years if the lawsuit claims that the nuclear mishap occasioned the loss
of life or personal injury to the plaintiff.  The Vienna Convention also allows for the
extension of the statute of limitations beyond ten years if the operator still has active
insurance (that is, if the operator is still paying premiums on the policy at the time of the
suit) and if the signatory state has amended the treaty through national law to reflect that
this extension is allowed.  The Paris Convention on the other hand allows for a statute of
limitations of no less than two years and no greater than ten years.  It also allows for the
extension of the ten-year period with a suitable amendment to the treaty.  Therefore, the
potential exists for a lawsuit to be filed possibly thirty years after the time of the mishap
in a Vienna Convention signatory state but probably only up to ten years in a Paris
Convention signatory state.
What these two major differences suggest is that, the Vienna Convention is a
treaty that tends to emphasize the rights of the potential plaintiffs while the Paris
Convention is a treaty that tends to seek to protect the interests of the nuclear facility
operators, the potential defendants.  By and large, the signatory states of these two
treaties reflect this distinction.  The poorer, less industrialized countries tend to be
signatories to the Vienna Convention; while the wealthy, industrialized countries of
Western Europe, where the industries that operate the nuclear facilities are likely to be
based, tend to be signatories of the Paris Convention.  For elaboration on this point see
Tables 4.1 and 4.2.
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Table 4.1 Paris Convention Status
Country of Interest Paris Convention Brussels Convention Joint Protocol
Germany x x
Belgium x x
Denmark x x x
Spain x x
Finland x x
France x x
Greece x
Italy x x x
Norway x x x
Netherlands x x x
Portugal x
United Kingdom x x
Sweden x x x
Turkey x
Austria Signed the treaty but did not ratify it
Luxembourg Signed the treaty but did not ratify it
Switzerland Signed the treaty but did not ratify it
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Table 4.2 Vienna Convention Status
Country of Interest Year entered into force Countries that Signed but
did not Ratify the Treaty
Argentina 1977 Colombia
Armenia 1993 Israel
Belarus 1998 Morocco
Bolivia 1977 Russian Federation
          Bosnia and
       Herzegovenia
1992 Spain
Brazil 1993 United Kingdom
Bulgaria 1994
Cameroon 1977
Chile 1990
Croatia 1991
Cuba 1977
Czech Republic 1994
Egypt 1977
Estonia 1994
Hungary 1989
Latvia 1995
Lebanon 1997
Lithuania 1992
Macedonia 1991
Mexico 1989
Moldova 1998
Niger 1979
Peru 1980
Philippines 1977
Poland 1990
Romania 1993
Slovakia 1995
Slovenia 1991
Trinidad and Tobago 1977
Ukraine 1996
Uruguay 1999
Yugoslavia 1977
The most salient and important feature that the two treaties have in common is
that the operator of the nuclear facility shall be strictly liable for damages caused by a
nuclear incident at its installation or involving nuclear substances coming from its
installation.  This means that the plaintiff does not have to prove that the nuclear operator
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was negligent in causing the incident.  The plaintiff only has to prove that that the
incident caused the plaintiff damage and that the nuclear substance was coming from an
installation owned by the operator.  The nuclear operator may have been acting in a
perfectly reasonable manner and following all the procedures and regulations prescribed
to operate the facility when the nuclear incident occurred and still be liable for damages
resulting from a nuclear incident.
The Russian Federation is a signatory state of the Vienna Convention, having
signed it on May 8th, 1996, however it has not yet been ratified and therefore the
provisions provided for in the treaty have not yet entered into force in Russia.   The
Peoples Republic of China, Taiwan, Japan, Australia, South Korea and the United States
have not signed either of the conventions to date.  Therefore, the liability of the operator
of a nuclear facility in those countries will be according to the laws of the country
wherein the facility is located.
Another convention relating to liability that should be mentioned is the
International Maritime Organizations’ (an arm of the United Nations) Convention
relating to Civil Liability in the Field of Maritime Carriage of Nuclear Material.  This
convention provides that a person, or facility operator, otherwise liable for damage
caused in a nuclear incident, occurring during maritime carriage of nuclear substances,
shall be exonerated for liability if the operator of the nuclear installation, from which or
to which the material in question was being transported, is also liable for such damage by
virtue of the Paris Convention of 29 July 1960 on Third Party Liability in the Field of
Nuclear Energy; or the Vienna Convention of 21 May 1963 on Civil Liability for Nuclear
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Damage; or national law which is similar in the scope of protection to the Paris or Vienna
Conventions given to the persons who suffer damage.1
To put it more simply (and thus by necessity less precisely) than above, if a ship
carrying the spent nuclear fuel caused an accident, the owner of that ship may not be held
liable (and thus have to pay for any damage caused) if the IINSFSF is in a country that is
a party to either the Paris or Vienna Conventions.
4.1.1     Vienna Convention Details
 The Vienna Convention was sponsored by the IAEA and was written originally
in 1963.  It was amended once in 1997.  What follows is essentially a laundry list of what
is considered to be the most salient points provided for in the treaty.
The Vienna Convention allows for joint and several liability of the tortfeasors.
That is, where nuclear damage engages the liability of more than one operator, the
operators involved shall, in so far as the damage attributable to each operator is not
reasonably separable, be jointly and severally liable.  Essentially the operator of a nuclear
facility can be sued either solely or in conjunction with (as a co-defendant to) another
operator.
The operator of a nuclear facility (the potential defendant) is allowed the benefit
of contributory negligence (i.e. if the plaintiff is himself or herself negligent and that
negligence is an actual or proximate cause of the plaintiff’s injury then the damage award
is reduced proportionally).  Further, the contributory negligence term used in the treaty is
actually considered pure comparative negligence in the United States (i.e. if the plaintiff
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is found to be 30% contributorily negligent then the plaintiff’s damage award will be
reduced by 30%).
The amendment to the treaty specifies that the liability of the operator may be
limited (may be capped) by the state in which the installation is located for any one
nuclear incident, either to not less than 300 million Special Drawing Rights (SDRs); or to
not less than 150 million SDRs provided that in excess of that amount and up to at least
300 million SDRs public funds shall be made available by that state.  A "Special Drawing
Right", or SDR, means the unit of account defined by the International Monetary Fund.
It is determined from assigning weights to a basket of currencies (currently the Euro,
Yen, US dollar and Sterling Pounds).  As of August 2002, the ration between the US
dollar and the SDR was 1 SDR = $1.32281.
The Vienna Convention further requires that the operator carry insurance up to at
least the minimum liability per nuclear incident.  It does this by requiring the signatory
state to require this via national law.
A judgment rendered in one of the signatory states is binding on all the signatory
states.  The jurisdiction to adjudicate a case lies with the signatory state in which the
incident occurred.  If the nuclear incident occurs outside the territory of any signatory
state, or where the place of the nuclear incident cannot be determined with certainty,
jurisdiction over the case shall lie with the courts of the signatory state where the operator
who is allegedly liable has their installation(s).
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4.1.2       Paris Convention Details
The Paris Convention imposes a minimum liability (a cap) of 5 million SDR’s
and a maximum of 15 million SDR’s.  The maximum liability (the cap) may be increased
via national legislation passed by the signatory state, but it may not be lowered below 5
million SDR’s, the operator must always remain liable for at least this amount.
The Paris Convention does not apply to nuclear incidents occurring in the territory
of non-signatory states or to damage suffered in such territory, unless otherwise provided
by the legislation of the signatory state in whose territory the nuclear installation of the
operator liable is situated.  This is similar to the Vienna Convention except that it only
allows suits where the nuclear incident occurs outside the territory of a signatory state to
be brought in the courts of the signatory state where the operator who is allegedly liable
has their installation(s), when the signatory state specifically provides for that
contingency via national legislation; the Vienna Convention doesn’t require the signatory
state to pass legislation, it provides for it in the body of the treaty itself.
The Paris Convention was twice amended since original enactment in 1960.  The
Paris Convention was amended in 1964 and again in 1982.
Additionally the Brussels Supplementary Convention (adopted in 1963), which
works with the Paris convention, allows a potential plaintiff to recover damages in excess
of the 15 million SDR’s that the Paris Convention provides for as a maximum damage
award.  After the adoption of the Paris Convention, a number of the signatory states
developed a supplementary compensation regime to provide public funds, should the
compensation allowable to the plaintiffs under the Paris Convention be insufficient to
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compensate for damage caused by a nuclear incident (see Table 4.1, above, for a
breakdown of the states which are a signatory to the Brussels Supplementary
Convention).  The Brussels Supplementary Convention combined with the Paris
Convention allows the cap on liability to be expanded up to a maximum of 300 million
SDR’s.  The liability compensation can be escalated through a series of three tiers.
The first tier is constructed through the requirement that each signatory state to
the Paris Convention establish by legislation an amount of at least 5 million SDRs, to be
provided by insurance or other financial security.
The second tier is constructed by requiring compensation to be provided from
public funds.  These public funds are to be made available by the signatory state in whose
territory the nuclear installation is situated.  The second tier provides for compensation
beyond that provided pursuant to the first tier up to a total of 175 million SDRs.
The third and final tier provides a further amount of up to 125 million SDRs
(which would provide a total maximum of 300 million SDRs) out of public funds to be
contributed jointly by all the Parties to the Brussels Supplementary Convention.
4.1.3       Joint Protocol Relating the Vienna Convention to the Paris Convention
This joint protocol entered into force in 1992.  Before 1992, if a party located in a
Vienna Convention signatory state suffered damage due to a nuclear incident occurring in
a signatory state of the Paris Convention, the plaintiff had the option of bringing suit in
either the Paris Convention signatory state or the Vienna Convention signatory state.
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This allowed the plaintiff the option of determining which convention would govern the
adjudication of the case.
The Joint Protocol eliminates this contingency.  Signatory states to the joint
protocol agree that the suit must be brought in the signatory state where the operator’s
installation is located, and the suit is then governed by the convention applicable to that
state.  See Table 4.1, above, for a breakdown of the Paris Convention states that are also
signatory states to the Joint Protocol.
4.2  Applicable Statutes of the United States and Russia
4.2.1  Price-Anderson Act
The Price-Anderson Act is applicable and extremely important to nuclear
industries operating in the United States.  The act requires that each utility operating
NRC licensed nuclear reactors carry $200 million worth of insurance coverage per
reactor.  Should a nuclear incident occur in the United States and should the damage
award exceed the amount of insurance carried by the defendant (most likely the utility),
the act further requires each utility to contribute to the damage award up to $83.9 million
per reactor.  Any amount of damages exceeding this aggregate total is to be covered by
the United States federal government using United States treasury funds.   In sum, the cap
on liability for nuclear operators operating reactors licensed in the United States before
August 2002 (see below) under the Price-Anderson Act is $283.9 million per reactor.
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The Act covers large power reactors as well as small research and test reactors,
fuel reprocessing plants and enrichment facilities. It covers incidents that occur through
operation of nuclear plants as well as transportation and storage of nuclear fuel and
radioactive wastes.
In 1966 the original version of the Act, that liability would have been governed
under state laws, was changed to allow for a waiver of defense in federal court.  This
waiver of defense in federal court in effect provided for strict liability to be imposed
whenever “extraordinary nuclear occurrences”, as determined by the Atomic Energy
Commission (AEC), occurred.  “Extraordinary nuclear occurrence” was subsequently
defined by the AEC as "any event causing a discharge or dispersal of source, special
nuclear or by-product material from its intended place of confinement in amounts offsite
or causing radiation levels offsite which the Commission determines to be substantial."
In addition, the Price-Anderson Act directs the Department of Energy (DOE) to
fully indemnify its contractors for any and all public liability in connection with nuclear
activities, up to a maximum aggregate of $9.43 billion.  This indemnification will occur
even if the nuclear incident is a result of a contractor’s bad faith, reckless behavior, gross
negligence, or willful misconduct.
The Price-Anderson Act expired on August 1, 2002.  The Act is certain to be
renewed although the exact details of the renewed Act have yet to be fully ironed out.
This is because on March 7, 2002, the United States Senate passed an amendment (S.
Amendment. 2983) to continue, for ten more years, the Price-Anderson Act. The
amendment was made to S. 517, the Energy Security Policy bill. On April 26, 2002, the
United States Senate passed S. 517.
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The United States House of Representatives had previously passed H.R. 2983 in
November of 2001.  H.R. 2983, is the House’s own version of a Price-Anderson renewal
act.  Reconciliation of the two versions by House-Senate conference committee is
underway.
Under the Senate proposal, commercial reactor operators will continue to carry
the maximum amount of private insurance available (currently $200 million). For
damages in excess of this amount, all reactor operators will be assessed up to $10 million
per year for as many years as necessary up to the maximum total assessment, which
adjusts with inflation (currently $88.1 million).  Therefore, under the Senate proposal the
maximum liability for nuclear operators in the United States is $288.1 million per reactor
and will increase every year due to inflation.  The Senate version also extends the Price-
Anderson Act for 10 years making the proposed new expiration date 2012.
Under the House proposal, the Price-Anderson Act is extended for 15 years, not
ten, and the cap on annual retrospective assessments on commercial reactor operators,
following a nuclear accident, is increased from the current $10 million per year to $15
million adjusted for inflation (up to the maximum of $88.1 million adjusted for inflation).
In addition, commercial reactor operators will continue to be required to carry the
maximum amount of private insurance available (currently $200 million).  Therefore,
under the House version of the bill the maximum liability for nuclear operators in the
United States would be the same as under the Senate version, the only difference being
that the utility would reach this cap more quickly in the House version and the act would
not expire until 2017.
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The House and Senate scheduled a joint committee to resolve the differences
between the two bills in October 2002.  Unfortunately, the joint committee failed in its
task and no extension to the Price-Anderson Act occurred from the 107th Congress.  It
was left to the 108th Congress to pick up where the 107th Congress left off.
The 108th Congress passed bills very similar in their major provisions to those
passed by the 107th Congress and again appeared to have failed to resolve their
differences.  Therefore, in mid 2003 the House and Senate agreed to H.J. Res. 2
(Consolidated Appropriations Resolution 2003) where in Division O, Section 101 they
agreed to extend the previous terms of the Price-Anderson Act until December 31, 2003.
The final, permanent version of the renewal act (whenever it is produced) will
probably be somewhere between the Senate and House versions or possibly identical to
either one.  In any event, the outer parameters of the law have probably been defined.  In
addition, it is important to keep in mind that under the current law, the nuclear operators
liability for reactors that were licensed prior to December 31, 2003, will be governed by
the terms of the pre August 1, 2002, Price-Anderson Act.
4.2.2   Russian Law Allowing the Importation of Spent Nuclear Fuel
On June 6, 2001 the Russian Duma passed an amendment to the Law on
Environmental Protection by a vote of 250 to 125.  This proposed amendment had been
under discussion for two years.  The Russian Federation Council subsequently passed this
amendment in 2001 and President Putin signed it into law in that same year.
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This new law allows for the importation into Russia of nuclear spent fuel.  This
law only allows spent fuel to be imported into Russia for interim storage or reprocessing.
If the spent fuel is imported for reprocessing, the law requires that the resultant high-level
waste be returned to the exporting nation.
The enactment of this law clears a major legal hurdle in the path of any
hypothetical IINSFSF in Russia, and therefore goes quite a distance toward making any
Russian based IINSFSF a more likely possibility.
There of course remain many and various political hurdles to achieving a political
climate that will allow for the importation of U.S. origin spent fuel into Russia but it is
now legal to do so.
4.3  Available Business Forms
4.3.1   Available Business Forms in Russia
A business form is the legal construction that a company takes.  The type of legal
construction that the company is assuming is usually set forth in the documents that
legally create the company (i.e. the charter) and that often are filed with the local
government.
The most prevalent category of business forms that foreign individuals or
companies avail themselves of in Russia is the Joint Venture (JV) category.  A JV is not a
business form in and of itself, but more precisely a category of individual business forms
that have specific characteristics in common.2  The characteristics that typically define a
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JV are that the company involved has more than one owner, the company is not a family
business and the state is not involved in the ownership of the company.  The types of
business forms which fall under the JV category are: Joint Stock Company (Open), Joint
Stock Company (Closed), Limited Partnership, General Partnership, Employee Owned
Limited Partnership and Employee Owned General Partnership.   In spite of the name
given to the JV category, a JV may be either wholly domestically owned or wholly
foreign owned – that is the JV company in Russia may be a wholly owned subsidiary of a
foreign company, or may be a single company with foreign ownership.
There are also six other business forms authorized by the Federal Russian
government that do not fall into the JV category, but instead may be placed in the non-JV
category.  These business forms are: a State Enterprise, a Municipal Enterprise, a Closely
Held Family Enterprise, an Association of Enterprises, a Branch office of an Enterprise
and a Sole Proprietorship.
Most entities doing business in Russia form joint stock companies either closed or
open, depending mostly on the size of the company.  In fact, the default business form in
Russia shortly after the fall of the Soviet Union was the joint stock company (this is in
contrast to the default business form for most U.S. jurisdictions; generalities on business
forms available in the U.S. and specifics on business forms available in Virginia will be
presented later).  The joint stock company is the Russian version of a corporation, with
most of the same attributes of a U.S. corporation.  The Joint Stock Companies have
limited liability (limited to the investment capital) but also have double taxation.
Decree number 601 of the Supreme Soviet of the Russian Federation deals
specifically with Joint Stock Companies.  This decree informs us that directors and
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officers of these types of companies may be held personally liable for damages resulting
from “unconscionable actions” on the part of the directors, a phrase that is fairly broad at
first blush, but is likely more specifically defined via case law (the old USSR law is used
as a gap filler for current Russian law).  There are also capital requirements for the
initiation of a Joint Stock Company, the amount of which tends to change yearly, but in
1990 was fixed at 10,000 rubles for a closed Joint Stock Company and 100,000 rubles for
an open Joint Stock Company.  A JV company is required to register as with either the
local or central government.
The tax policy of the Russian Federation can be confusing.  There is both a net
income as well as a gross income tax, and the company will be required to pay one or the
other.2  There is also a Value Added tax (VAT) that is essentially a sales tax on all goods
and services. This can be quite high (in the early 90’s it hovered around 28%).
Additionally, capital equipment purchases are not exempt from the VAT.  On top of the
aforementioned taxes there are also property taxes and import duties to be considered.
In the past, U.S. companies doing business in Russia were well advised to take
pains to ensure that they did not run afoul of the U.S. Foreign Corrupt Practices Act
(FCPA).  Corruption in Russia, at least in the past, has been a cost of doing business.
While engaging in corrupt practices may not cause the U.S. company difficulties inside
Russia, it is possible for the U.S. company to become ensnared by the FPCA in the
United States.  Many companies have also found it necessary, in the past at least, to cheat
on the tax burden in Russia in order to remain economically viable.2
Finally, it is worth reemphasizing that a Joint Venture company in Russia is not a
business form in and of itself, but is instead a category of business forms.  In addition, the
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use of the term joint venture means something different when used in the United States as
opposed to Russia.  In the United States a joint venture typically means the company
formed will be a general partnership, in Russia the term joint venture typically means the
company will be a Joint Stock Company or some form of a partnership with no state
interests.
For a summary of business forms available in Russia as well as the State of
Virginia in the United States in spreadsheet form, please see section 4.3.3 below.
4.3.2  Available Business Forms in the Commonwealth of Virginia
In Virginia the available business forms are as follows:  General Partnership,
Limited Partnership, Corporation, S Corporation, Limited Liability Company (LLC),
Professional LLC, and a Professional Corporation (PC).  The Professional LLC and the
PC are only available to individuals going into business together and all in the same
profession (like doctors or lawyers).
Of the remaining business forms all have attributes that would be beneficial or a
hindrance depending on the nature of the company being organized.  In general, a
corporation is good for limiting the liability of the shareholders to the amount invested
but has negative tax implications in that profits suffer double taxation.  Partnerships have
favorable tax treatment but are not as effective in limiting the partners’ liability.  The
LLC is good for both limiting liability and for obtaining equitable tax treatment but is
generally workable only for companies with a small number of owners who are not likely
to undergo a high degree of turnover.
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In the circumstances of ownership presented by a hypothetical IINSFSF (small
number of owners with stable ownership interests interested in limiting their liability and
obtaining equitable tax treatment) the LLC would seem to be the most logical option.
4.3.3  Business Forms Summary Table
Available Business Forms
State Name Liability Taxation
Virginia Corporation Investment Double
Virginia S Corporation Investment Flow through
Virginia General Partnership unlimited Flow through
Virginia Limited Partnership GP- unlimited LP- investment Flow through
Virginia Professional Corporation Investment Flow through
Virginia Limited Liability Company Investment Flow through
Virginia Professional LLC Investment Flow through
Russia Joint Stock Company - Open Investment Double
Russia Joint Stock Company - Closed Investment Double
Russia Limited Partnership GP- unlimited LP- investment Flow through
Russia General Partnership unlimited Flow through
Russia Employee Owned - LP GP- unlimited LP- investment Flow through
Russia Employee Owned - GP unlimited Flow through
Russia State Enterprise
Russia Municipal Enterprise
Russia Closely Held Family Enterprise
Russia Assosciation of Enterprises
Russia Branch Office of an Enterprise
Russia Sole Proprietorship
4.4  Ownership of the Spent Fuel
There are essentially two different options available with respect to the ownership
of the spent nuclear fuel.  The first option is that the title to the spent fuel transfers to the
organization running the IINSFSF.  The other option is that the title to the spent nuclear
fuel remains with the utility that donated the spent fuel.
Looking at this from the point of view of the utility, maintaining title to the spent
nuclear fuel presents the benefit that if the spent fuel appreciates in value, that is if
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reprocessing the spent fuel becomes the best economic option, the utility will realize that
gain.  Another benefit is that the spent fuel can be withdrawn from storage at any time.
The final benefit is that the IINSFSF can be treated as a spent fuel “bank” where the
spent fuel can be traded amongst the contributors to the IINSFSF as in a commodities
market and the spent fuel never has to be moved.
One of the drawbacks to the utilities retaining title to the spent fuel is that the
utility must be prepared to receive the spent fuel back involuntarily should the removal of
the spent fuel from the IINSFSF become necessary due to an unforeseen circumstance
and at the end of the storage period should no other provisions be made.  Another
drawback is that the utilities’ liability will be higher in the case of a tort suit, at least the
likelihood of the utility that owns the spent fuel being named as a defendant will be
higher.
It appears that it would be likely that the utility would prefer to keep title to the
spent fuel because the liability would still be mostly on the IINSFSF and the likelihood of
having to receive the spent fuel back involuntarily is remote but the benefits to keeping
title to the spent fuel are tangible.  For a summary of the pros and cons from the point of
view of the utilities should the utilities retain title to the spent fuel please see Table 4.3
below.
Looking at the question from the point of view of the IINSFSF, taking title to the
spent fuel presents the benefit that if the spent fuel appreciates in value, that is if
reprocessing the spent fuel becomes the best economic option, the IINSFSF will realize
that gain.  Another benefit to taking title to the spent fuel is that the IINSFSF may
conduct research and development (R&D) on the spent fuel on either permanent disposal
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of the spent fuel or high level waste or on the separation of plutonium, actinides or the
enriched uranium or both.
A drawback to the IINSFSF taking title to the spent fuel is that there is no clear
owner of the spent fuel in the case of an unforeseen circumstance requiring removal of
the spent fuel from the IINSFSF.  Another drawback to the IINSFSF taking title to the
spent fuel is the IINSFSF’s liability will be higher in the case of a tort suit, in as much as
it will decrease the likelihood of their being any co-defendants named who may be
required to share liability.
It also appears that it would be likely that the IINSFSF would prefer to take title
to the spent fuel because the liability would not increase very much and the likelihood of
having to dispose of the spent fuel back quickly and not according to plan is fairly remote
while the benefits to keeping title to the spent fuel are tangible.  For a summary of the
pros and cons from the point of view of the IINSFSF should the utilities retain title to the
spent fuel please see Table 4.3.
Since it seems more reasonable to try and accommodate the utility rather than the
IINSFSF in an instance where the best interest of the utilities’ and the IINSFSF diverge,
it would probably be best to allow the utility to retain title to the spent fuel.
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Table 4.3 – Title of Spent Fuel Summary
Pros and Cons of having title to the Pros and Cons of having title to the
spent nuclear fuel (SF) – From the point spent nuclear fuel (SF) - From the point
of view of the Utilities of view of the IINSFSF
PRO CON PRO CON
The SF may
appreciate in
value
The utilities may have
to receive the SF back
involuntarily
The SF may appreciate in value There is no clear
owner of the SF in the
case of an unforeseen
circumstance requiring
removal of the SF from
the IINSFSF
The SF can be
withdrawn from
storage
The Utilities' liability is
higher in the case of a
tort suit
R&D can be performed on the SF The IINSFSF's liability
is higher in the case of
a tort suit
The IINSFSF can
be treated as a
SF "bank"
It would also be prudent to consider the wishes of the host country with respect to
which entity retains title to the spent fuel.  The host country would probably not have
much of an opinion on which entity retains title to the spent fuel except that it may prefer
that the utility retain title to the spent fuel in as much as it would guarantee that an entity
established outside the host country is obligated to accept return of the spent fuel should
the removal of the spent fuel from the IINSFSF become necessary due to an unforeseen
circumstance and certainly at the end of the storage period.
 Therefore, in order to best satisfy the most crucial parties to getting an IINSFSF
established (that being the utilities and the host country) keeping title with the utility that
donated the spent fuel is the most logical choice.
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4.5   Necessity for a Law Limiting Liability in the Host Country
Any company that would seek to operate the IINSFSF would certainly welcome a
law limiting its’ potential liability for any tortious acts by it or by its’ agents.  An
example of this type of law is the Price-Anderson Act referred to above.  In fact it is
highly likely that no company would agree to operate an IINSFSF without such a law.
For example, the Arctic Council (whose member nations are Scandinavian
countries) said in August of 2002, that it would not allow any contractors to begin
cleanup operations in northwest Russia unless Russia agreed to sign the Multilateral
Nuclear Environmental Program (Mnepr).  Mnepr is a multilateral agreement that would
give liability coverage to western countries and contractors involved in the cleanup work.
As of August 2002, the Russian Federation had not signed the agreement.3
Without some form of liability cap, the operator of the IINSFSF may be held liable
for a substantial amount of damages in the event that the operator is found negligent in
the operation of the IINSFSF.  This type of potentially crippling liability may discourage
any company from undertaking to operate the IINSFSF.
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CHAPTER FIVE                                                                                                    
Comparison of Four Separate Sites
5.1  Comparison
In comparing the feasibility of sites for an IINSFSF, the eight criteria derived
above should be applied to the potential sites.  There are four potential sites to which
these criteria will be applied below.  The sites are the old nuclear city of Krasnoyarsk-26
currently known as Zheleznogorsk and Kholmsk on Sakhalin Island, both in Russia;
Xilinhot in the Nei Mongol Province of China and Meekatharra in Western Australia,
Australia.  After applying the criteria it will be shown that Krasnoyarsk-26 is the most
viable site of these four sites for an IINSFSF.
Krasnoyarsk – 26 (Zheleznogorsk) is located on the Yenisey River about 800
miles from the Yenisey River’s mouth in the Arctic Ocean.  Krasnoyarsk – 26
(Zheleznogorsk) is located north-northeast of the joint border between Russia, Mongolia,
China and Kazakhstan.  See Figure 5.1 for reference.
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Kholmsk is on the western coastline of Sakhalin Island on the southern portion of
the island.  It is near the city of Yuzhno-Sakhalinsk, but on the western coast.  See Figure
5.1 below for reference.
Figure 5.1 – Map of Russia
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Meekatharra is about 300 miles inland from the west coast of Australia, in the
Province of Western Australia.  Meekatharra is located about 400 miles north-northeast
of Perth and Fremantle.  See Figure 5.2 below for reference.
Figure 5.2 – Map of Australia
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Xilinhot is located near the border of the Hebei and Nei Mongol Provinces but in
the Nei Mongol Province in China.  It is located about 250 miles north of Beijing.
Although it is not on the map in Figure 5.3, it is on the map in Figure 5.4.  Figure 5.3
may be used for reference to place Xilinhot within the whole of China.
Figure 5.3 – Map of China
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Figure 5.4 – Map of Nei Mongol Area 
For the criteria of geological suitability, K-26 (Zheleznogorsk) rates the highest.
The other sites rank as follows; Sakhalin Island, Xilinhot, and Meekatharra.  Although all
of the locations are capable of supporting the static bearing pressure of approximately 2
kilograms per square foot, K-26 (Zheleznogorsk) rates the highest because it provides a
foundation of rock that can handle not only the required static bearing pressure but also
that most easily can handle the required static bearing pressure.  The major geological
drawback for K-26 (Zheleznogorsk) is that it is located near an aquifer that is a major
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water resource.  Sakhalin Island ranks highly for the same reasons as K-26
(Zheleznogorsk) and has the same major drawback as K-26 (Zheleznogorsk) except that
the Sakhalin Island site is closer to the ocean and therefore has a larger water resource.
Xilinhot and Meekatharra are both located in the dessert.  Although they are capable of
supporting the designed static load, building on rock is more optimum than building on
sand.  If there were two sites that were close in respect of ability to handle the static
bearing pressure and distance from an aquifer, then examining the liquefaction potential
and nearby slopes for stability would be useful.
For seismic stability, the best site is K-26 (Zheleznogorsk), followed by
Meekatharra, Xilinhot, and then Sakhalin Island.  Any of these sites can support an
IINSFSF, if the proper precautions are taken.  K-26 (Zheleznogorsk) requires the fewest
precautions to be taken.  The region in which K-26 (Zheleznogorsk) is located is much
more seismically stable than Sakhalin Island, which is close to the fault of two tectonic
plates, often referred to as the “Ring of Fire.”  Xilinhot is farther away from the major
fault line of Sakhalin Island, but still closer than Meekatharra.  Meekatharra is closer to
this fault line than K-26 (Zheleznogorsk), which is why K-26 (Zheleznogorsk) is the best
candidate for seismologic reasons.
The land area suitability criteria could be met by any of the proposed sites.  An
IINSFSF site requires at least 75 acres of ideally flat and open land.  For this reason, an
IINSFSF is best suited to be located in a desert, where the land is most likely to be flat,
open and inexpensive.  Both Meekatharra and Xilinhot are in desserts, however
Meekatharra is farther into the Australian Outback, than Xilinhot is into the Gobi Desert.
K-26 (Zheleznogorsk) is more likely to have areas that are flat than Sakhalin Island, thus,
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Sakhalin Island is the least optimal choice in this area.  Either Meekatharra or Xilinhot
are the best locations, with Meekatharra slightly better because the cost of acquiring the
land likely would be slightly lower.
Meekatharra best meets site infrastructure suitability, as it has local construction
companies that would be best able to handle the construction of the necessary site support
facilities.  In addition, Meekatharra is in a country that is wealthy and is in the best
position to contribute to site security outside the facility itself.  Xilinhot would seem to be
the next best option for both local construction support as well as external site security.
K-26 (Zheleznogorsk) places third in this criterion because the local authorities have the
least ability to contribute to external site security.  Sakhalin Island comes in last because,
in addition to having the same security issues as K-26 (Zheleznogorsk), it is likely to
have the greatest expense in securing local construction support.
The criteria of transportation infrastructure suitability is best achieved by
Meekatharra, then Sakhalin Island, followed by K-26 (Zheleznogorsk), and finally by
Xilinhot.  Meekatharra’s strength lies in its modern port (Geraldton) that is capable of
handling and transferring spent fuel shipments, as well as rail transportation that is direct
to the proposed site and does not travel through any heavily populated areas.  The
Sakhalin Island site at Kholmsk is very close to a port and its main strength is a quick and
short transport from the port to the site facility.  K-26 (Zheleznogorsk) has a more
difficult path of transport.  Transport to K-26 (Zheleznogorsk) is most effectively
achieved by ocean shipments of the spent fuel to a port at the mouth of the Yenisey River
on the Arctic Ocean.  From the port at the mouth of the Yenisey the spent fuel would be
transported via barge up the Yenisey River to the site facility to a river landing near the
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site facility, and then transported to the site via secondary roads.  The length and multiple
transfer requirements of this transport path make this site less than optimal.  Finally,
Xilinhot’s main obstacle to transport is that there is no viable port that has direct and
reliable rail transportation to the proposed site.  It is most desirable to avoid rail transport
through the heavily populated and congested area of Beijing.  Unfortunately, Beijing
stands between most of the reliable ports and the proposed site.
Meteorological suitability is determined mainly by precipitation.  For this reason,
both of the desert sites (Meekatharra and Xilinhot) are best suited to meet these
requirements.  The primary point that distinguishes between these two sites is their
proximity to violating the temperature parameters necessary for ideal operation of the HI-
STORM 100 cask system. For this reason, Xilinhot is the most ideal location as it is the
cooler on average of the two deserts.  For similar precipitation based regions the Sakhalin
Island site is not as dry and not as well suited as a host site as is K-26 (Zheleznogorsk).
The willingness of a host nation is an extremely important and possibly a deciding
factor in choosing a location for an IINSFSF.   For this reason both of the sites in Russia,
K-26 (Zheleznogorsk) and Sakhalin Island are more desirable than the other two sites.
The Russian government has shown a willingness to import spent fuel and has the
legislation in place to allow for the importation of spent fuel.  K-26 (Zheleznogorsk)
distinguishes itself as the better site, from the Sakhalin Island site because the Russian
government and the Ministry of Atomic Energy have shown a decided preference for
locating any potential spent fuel storage sites in the former closed city of K-26
(Zheleznogorsk).  Xilinhot is preferable to Meekatharra.  The Chinese government has
indicated a willingness to store spent fuel from other countries, whereas, the Australian
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government has been opposed to the prospect of being the host nation for a nuclear spent
fuel repository.  The Australian government expressed this reservation very clearly when
there was a good deal of political opposition to a proposed idea to create a geologic
disposal site in Australia (a proposal first forwarded by a commercial consortium known
as Pangea).1  Although the Pangea proposal envisioned geologic disposal of the spent fuel
and not temporary, intermediate disposal of the spent fuel, it is clear that there are groups
within the Australian political body that have strong opposition to storing nuclear spent
fuel within Australian borders.2
Population density is the final criteria to be considered.  As was stated above, the
ideal criteria is a location that is remote with respect to the immediate area around the
IINSFSF yet close to an area with a fairly high population density to provide the
personnel and transportation support necessary for an efficient IINSFSF.  For this reason
Meekatharra rates out as the best candidate for this criteria because it is close to a fair
size city (Meekatharra, population: ~2700) that can provide the emergency response,
transportation and construction support necessary yet also provide a site that is remote
enough to allow avoidance of the NIMBY phenomena, minimize risk and provide good
external security.  K-26 (Zheleznogorsk) is the next best site at meeting these criteria,
followed by Xilinhot and then the Sakhalin island site at Kholmsk.
In summary, K-26 (Zheleznogorsk) rates as the best site mainly on the strength of
the willingness of the host nation of Russia to accept this type of facility.  K-26
(Zheleznogorsk) also rates as the best site with respect to the criteria of geological
suitability and seismic suitability.  Without consideration for the willingness of the host
nation, Meekatharra would be the ideal site, however the political considerations making
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Meekatharra not attractive prevent this potential site from being a viable alternative.
Xilinhot would come in third followed by the Sakhalin island site of Kholmsk in this
abbreviated review of potential IINSFSF sites.
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CHAPTER SIX                                                                                                       
Higher Burnup Spent Nuclear Fuel Effects on Dry Storage
6.1  Introduction
Since all of the utilities operating nuclear power plants in the United States are for
profit enterprises, making money is their primary concern.  To do this it is helpful to keep
the busbar electricity cost as low as possible.  In general, busbar electricity cost can be
broken down into three subcategories.1  These three categories are: capital costs,
operations and maintenance costs and nuclear fuel cycle costs.1  The capital costs are
fixed after the nuclear power plant is built.1  However, the operations and maintenance
costs increase as the plants age. To compensate for this fact it is necessary to try and
lower the nuclear fuel cycle costs in order to keep the busbar electricity cost the same.1
The best way to lower the nuclear fuel cycle costs is to minimize the revenue lost
due to refueling downtime.1  Increasing the burnup is a primary way to lower refueling
downtime.  There are three major high burnup strategies that can be employed to lower
refueling downtime: 1) loading more fresh fuel initially to increase the cycle length, say
to 18 or 24 months, 2) increasing the reload fuel enrichment to increase the discharge
burnup, so that for a given cycle length fewer fuel assemblies are required and 3) burning
the fuel faster by increasing the power, which also requires increasing the reload fuel
enrichment.1    There is nothing to prevent all three options from being adopted
simultaneously in the same reactor.1  The common theme in all of the high burnup
strategies is that increased fuel enrichment is used to allow for higher burnups.1
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Therefore, since economics are driving nuclear power plants in the United States
to look to implement more highly enriched fuels to achieve higher burnups the question
may be asked – how will these higher burnup spent fuels affect the spent fuel storage
situations at reactor sites.  More specifically, how will these higher burnup spent fuels
affect dry cask storage of spent fuels at reactor sites and why is dry cask storage relevant?
To answer why dry cask storage is relevant, it is necessary to understand that
nuclear power plants have temporarily stored spent fuel in water pools at the reactor site
since the plants were first constructed. In the initial period of commercial nuclear power
in the United States it was thought that the spent fuel would be reprocessed shortly after
discharge.  However, reprocessing was declared to be against nuclear policy in the United
States by President Carter in 1977 due to proliferation concerns.  The once through fuel
cycle constraint has been present ever since.
The Nuclear Waste Policy Act (NWPA) passed by the United States Congress in
1982 gave the Department of Energy (DOE) responsibility for developing permanent
disposal capacity for the spent fuel and other high-level nuclear waste.  Recently the
DOE designated the Yucca Mountain, Nevada, site as the permanent disposal facility but
this facility is not expected to be open until 2010.
Until that time all spent nuclear fuel will continue to be stored primarily in water
filled pools at individual reactor sites.  The pools at many nuclear reactor sites began to
fill up during the 1970’s and 1980’s and companies began to research alternative storage
options.  One of the options was to engage in re-racking (placing fuel rod assemblies
closer together in spent fuel pools).  Another option used (although not nearly to the same
extent due to cost consideration) is fuel rod consolidation, or the practice of dismantling
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the fuel assembly, consolidating the rod bundles and compacting the fuel assembly
skeleton.1  A third option implemented was to construct independent spent fuel storage
installations, which would be capable of storing the spent fuel in a dry concrete and metal
cask. These installations may be located either at the reactor site or elsewhere. During the
1990’s there was an increase in dry cask storage on-site.2
The NWPA directed the NRC to approve means of interim dry storage by
rulemaking and to omit site-specific evaluations "to the maximum extent practicable."2
The NRC allows nuclear power plants to store spent fuel at reactor sites in NRC-
approved dry storage casks.  As of 2001, the NRC had approved 14 cask designs.2  In
general, the dry storage casks consist of a sealed metal cylinder containing the spent fuel
enclosed within a metal or concrete outer shell. Casks are placed horizontally or
vertically on a concrete pad. Currently spent fuel is kept in dry storage at fifteen power
plant sites, and at an interim storage facility operated by DOE.2   The NRC is also
reviewing an application from Private Fuel Storage, LLC, to build an away-from-reactor
independent spent fuel storage installation to be located on the reservation of the Skull
Valley Band of Goshute Indians in Utah.2
Now it is worthwhile to ask the original question again, how will the higher
burnup spent fuels, that it seems likely the nuclear power industry will be producing in
the future, affect the current dry cask storage situation of spent fuels at reactor sites?
To answer this question it is first necessary to determine the decay heat output of
the higher burnup spent fuels.  Only the impact on the decay heat limits of the dry cask
storage system were considered, the impacts on the criticality and radiation limits were
109
not considered.  Only PWR spent fuels were considered, BWR spent fuels were not
examined.
6.2 Decay Heat Output of Higher Burnup Spent Fuels
The high burnup spent fuels that will be examined are PWR spent fuels.  It is
certainly expected, and not surprisingly it proves true, that higher burnup spent fuels have
an increased decay heat generation rate over lower burnup spent fuels.
It can be seen in burnup calculations done by Mr. Zhiwen Xu.1  Mr. Xu did
burnup calculations for 4 cases wherein he varied the initial enrichment of the input fresh
fuel (using 3%, 4%, 8% and 15%) and simulated in core burnups for 4 varying periods
(using 30MWd/kg, 50 MWd/kg, 100MWd/kg and 150 MWd/kg).  Mr. Xu then simulated
the decay of these fuels for varying periods of time after their removal from the simulated
core (using times of 0 years, .1 years, .215 years, .462 years, 1 year, 2.15 years, 4.62
years, 10 years, 21.5 years, 46.2 years, 100 years and 215 years).  Mr. Xu simulated the
burnup and decay using MCODE (an improved MCNP-ORIGEN depletion program).  A
complete nuclide representation with one hundred and thirty fission products and twenty-
three actinides were used.1
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The power of the decay heat was calculated using the units of watts per metric
tons of initial heavy metal (W/MTIHM). See Table 6.1 below for the results of these
simulations.
Table 6.1 Decay Heat of higher burnup spent fuels
30 MWd/kg (3 w/o) 50 MWd/kg (4 w/o) 100 MWd/kg (8 w/o) 150 MWd/kg (15 w/o)
Time Dec.Pow Time Dec.Pow Time Dec.Pow Time Dec.Pow
(years) (W/MTIHM) (years) (W/MTIHM) (years) (W/MTIHM) (years) (W/MTIHM)
0 2.23E+06 0 2.23E+06 0 2.34E+06 0 2.36E+06
0.1 4.70E+04 0.1 5.33E+04 0.1 6.61E+04 0.1 7.28E+04
0.215 3.13E+04 0.215 3.70E+04 0.215 4.78E+04 0.215 5.34E+04
0.462 1.90E+04 0.462 2.41E+04 0.462 3.37E+04 0.462 3.85E+04
1 1.01E+04 1 1.40E+04 1 2.19E+04 1 2.62E+04
2.15 4.71E+03 2.15 7.27E+03 2.15 1.31E+04 2.15 1.66E+04
4.62 1.82E+03 4.62 3.28E+03 4.62 7.06E+03 4.62 9.75E+03
10 1.04E+03 10 1.94E+03 10 4.45E+03 10 6.39E+03
21.5 7.93E+02 21.5 1.43E+03 21.5 3.25E+03 21.5 4.73E+03
46.2 5.41E+02 46.2 9.26E+02 46.2 2.06E+03 46.2 3.05E+03
100 2.94E+02 100 4.64E+02 100 9.87E+02 100 1.45E+03
215 1.68E+02 215 2.34E+02 215 4.26E+02 215 5.63E+02
The question then becomes, can the current dry cask storage systems safely
handle the decay heat of these higher burnup spent fuels? One method of answering this
question is to examine a current dry cask storage system and see how the increased decay
heat fits within the limitations of this system.  This will answer whether the current crop
of dry cask storage systems can handle the contemplated higher burnup spent fuels or
whether new systems will have to be designed.
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6.3 Decay Heat Removal Capacity of a Dry Cask Storage System
In examining the current 14 NRC approved dry cask storage systems, the Holtec
HI-STORM 100 PWR spent fuel dry cask storage system was selected to be the system
used as a benchmark.  The reasons for this are that the HI-STORM 100 system is among
the most popular and current storage systems.  The HI-STORM system was selected for
use by two companies to store spent fuel at their reactor sites, the Southern Nuclear
Operating Company at their Hatch 1 and 2 reactor sites and the Exelon Generation
Company at their Dresden 1, 2 and 3 reactor sites.2 In addition, PFS L.L.C. proposes to
use this system at their proposed away-from-reactor independent spent fuel storage
installation.2 There was another system selected for use at three other facilities (indicating
it may be a more popular system) but this system is older (license issued in 1995) than
the HI-STORM 100 system (licensed issued in 2000) and thus is not as good a candidate
for analysis.2
In examining the Safety Analysis Report (SAR) submitted to the NRC by Holtec
International (the manufacturers of the HI-STORM 100 system) one can determine the
maximum decay heat per assembly acceptable for safe storage in the HI-STORM 100
system.  The decay heat limit given in the SAR for a five year cooled spent fuel assembly
is 870 watts per assembly.3a  The SAR derives this limit by first inventorying the types of
spent fuel that might be stored in the HI-STORM 100 system.  The SAR then selects the
spent fuel that would be the limiting case for three design criterions.  These three
criterions are the criterion of reactivity, shielding and decay heat.  The reference fuel used
by the SAR for the decay heat criterion is a 15 by 15 array of Babcock and Wilcox spent
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fuel (designated 15x15F).3  The reference fuels used by the SAR for the criterions of
shielding and reactivity are also the 15x15F for the PWR storage system.3
For the BWR storage systems the reference fuels used are designated 10x10A and
7x7B.3  See Table 6.2 for the particulars of the 15x15F reference fuel and the 10x10A
and 7x7B fuel particulars included for comparison.
                                                                                                                                                
a See Table 2.0.1 on p. 2.0-18 of Reference 3.
113
Table 6.2 Reference Fuels used by the Dry cask storage System SAR3
Fuel Assembly Array and
Class 15X15 F 10x10 A 7x7 B
Fuel Type PWR BWR BWR
MPC designation MPC-24 MPC-68 MPC-68
Design Basis
Reactivity
(Criticality);
Decay Heat
(Thermal);
Source Term
(Shielding)
Reactivity
(Criticality)
Decay Heat
(Thermal);
Source Term
(Shielding)
Fuel Assembly
Manufacturer
Babcock and
Wilcox General Electric General Electric
Clad Material Zr (or Zr alloy) Zr (or Zr alloy) Zr (or Zr alloy)
Design Initial U
(kg/assy.) < or = 475 < or = 182 < or = 120
Maximum Planar-
Average Initial
Enrichment (wt.% U-235)
n/a < or = 4.2 < or = 2.7
Initial Maximum Rod
Enrichment (wt.% U-235) n/a < or = 5.0 < or = 4.0
Initial Enrichment (wt.%
U-235) < or = 4.1 n/a n/a
Number of Fuel Rods 208 78 full length and14 partial length 64
Clad O.D. (in.) > or = .428 > or = .4040 > or = .4120
Clad I.D. (in.) < or = .3820 < or = .3520 < or = .3620
Pellet Dia. (in.) < or = .3742 < or = .3455 < or = .3580
Fuel Rod Pitch (in.) 0.568 0.51 0.523
Design Active Fuel
Length (in.) < or = 150 < or = 150 < or = 110
Number of Water Rods n/a 2 0
Water Rod Thickness
(in.) n/a > or = .030 n/a
Channel Thickness (in.) n/a < or = .120 < or = .100
Number of Guide Tubes 17 n/a n/a
Guide Tube Thickness
(in.) > or = .0140 n/a n/a
The decay heat limit for the HI-STORM 100 system is based on not exceeding the
fuel cladding temperature limit for the reference fuel used (a 15 x 15 array of Babcock
and Wilcox spent fuel).
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6.4 Analysis and Discussion
6.4.1 Impact on Storage
It would now be useful to plot the decay heat output of the higher burnup spent
fuels versus time after discharge for the four different burnup / enrichment cases and then
to apply the dry cask storage limit.
The plots, in increasing order of magnitude with respect to burnup, are as follows.
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Figure 6.1 30 MWd/kgIHM Power versus Time graph
As can be seen from this log – log plot, the thermal power decreases
exponentially and somewhat linearly on the log – log scale.  Applying the limit of 1830
W/MTIHM for the Holtec HI-STORM 100 dry cask storage system to the data presented
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here, it is seen that it is necessary to wait for 4.6 years after discharge before it is deemed
safe to move the spent fuel from the storage pool to the dry cask storage system, see
Table 6.3 below.  This is quite close to what is the current experience in the industry.
Table 6.3 30 MWd/kg Burnup Summary
                            30 MWd/kg burnup ( 3 weight percent enrichment)
Time after irradiation (in years) W/MTIHM (x 1000)
0 2230
0.1 47
0.215 31.3
0.462 19
1 10.1
2.15 4.71
4.6 1.83
4.62 1.82
10 1.04
21.5 0.793
46.2 0.541
100 0.294
215 0.168
Thermal limit is for the Holtec HI-STORM 100 dry cask storage system and assumes PWR spent fuel
The thermal limit is 870 watts per assembly, the limit is given in Table 2.0.1 of the Holtec HI-STORM 100 SAR, p. 2.0-18.
The thermal limit converts to 1830 watts per metric ton of initial heavy metal (MTIHM)
870 W/Assembly * 1 Assembly/.475 MTIHM = 1830 W / MTIHM
MTIHM/Assembly = 475 KgIHM/Assembly * 1 MT/1000 KgIHM = .475 MTIHM/Assembly
475 KgIHM/Assembly is from Table 2.1.5 and Table 2.1.3 of the Holtec HI-STORM 100 SAR
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Continuing along these lines, let us examine the case of 50 MWd/kgIHM burnup.
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Figure 6.2 50 MWd/kgIHM Power versus Time graph
117
In this case, applying the limit of 1830 W/MTIHM for the Holtec HI-STORM 100
dry cask storage system to the data presented here, it is seen that it is necessary to wait
for 11.3 years after discharge before it is deemed safe to move the spent fuel from the
storage pool to the dry cask storage system, see Table 6.4 below.
Table 6.4 50 MWd/kg Burnup Summary
                            50 MWd/kg burnup ( 4 weight percent enrichment)
Time after irradiation (in years) W/MTIHM (x 1000)
0 2230
0.1 53.3
0.215 37
0.462 24.1
1 14
2.15 7.27
4.62 3.28
10 1.94
11.3 1.83
21.5 1.43
46.2 0.926
100 0.464
215 0.234
Thermal limit is for the Holtec HI-STORM 100 dry cask storage system and assumes PWR spent fuel
The thermal limit is 870 watts per assembly, the limit is given in Table 2.0.1 of the Holtec HI-STORM 100 SAR, p. 2.0-18.
The thermal limit converts to 1830 watts per metric ton of initial heavy metal (MTIHM)
870 W/Assembly * 1 Assembly/.475 MTIHM = 1830 W / MTIHM
MTIHM/Assembly = 475 KgIHM/Assembly * 1 MT/1000 KgIHM = .475 MTIHM/Assembly
475 KgIHM/Assembly is from Table 2.1.5 and Table 2.1.3 of the Holtec HI-STORM 100 SAR
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If we now examine the 100 MWd/kgIHM burnup case we observe the following.
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Figure 6.3 100 MWd/kgIHM Power versus Time graph
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When we apply the limit of 1830 W/MTIHM for the Holtec HI-STORM 100 dry
cask storage system to the data presented here, it is seen that it is necessary to wait for
53.4 years after discharge before it is deemed safe to move the spent fuel from the storage
pool to the dry cask storage system, see Table 6.5 below.  This is beginning to become a
significant waiting time.
Table 6.5 100 MWd/kg Burnup Summary
                            100 MWd/kg burnup ( 8 weight percent enrichment)
Time after irradiation (in years) W/MTIHM (x 1000)
0 2340
0.1 66.1
0.215 47.8
0.462 33.7
1 21.9
2.15 13.1
4.62 7.06
10 4.45
21.5 3.25
46.2 2.06
53.4 1.83
100 0.987
215 0.426
Thermal limit is for the Holtec HI-STORM 100 dry cask storage system and assumes PWR spent fuel
The thermal limit is 870 watts per assembly, the limit is given in Table 2.0.1 of the Holtec HI-STORM 100 SAR, p. 2.0-18.
The thermal limit converts to 1830 watts per metric ton of initial heavy metal (MTIHM)
870 W/Assembly * 1 Assembly/.475 MTIHM = 1830 W / MTIHM
MTIHM/Assembly = 475 KgIHM/Assembly * 1 MT/1000 KgIHM = .475 MTIHM/Assembly
475 KgIHM/Assembly is from Table 2.1.5 and Table 2.1.3 of the Holtec HI-STORM 100 SAR
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Finally, examining the case of a more highly enriched fuel irradiated for 150
MWd/kgIHM, the following graph and table apply.
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Figure 6.4 150 MWd/kgIHM Power versus Time graph
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Now, when the limit of 1830 W/MTIHM for the Holtec HI-STORM 100 dry cask
storage system is applied to the data presented here, it is seen that it is necessary to wait
for a whopping 81.2 years after discharge before it is deemed safe to move the spent fuel
from the storage pool to the dry cask storage system, see Table 6.6 below.
Table 6.6 150 MWd/kg Burnup Summary
                            150 MWd/kg burnup ( 15 weight percent enrichment)
Time after irradiation (in years) W/MTIHM (x 1000)
0 2360
0.1 72.8
0.215 53.4
0.462 38.5
1 26.2
2.15 16.6
4.62 9.75
10 6.39
21.5 4.73
46.2 3.05
81.2 1.83
100 1.45
215 0.563
Thermal limit is for the Holtec HI-STORM 100 dry cask storage system and assumes PWR spent fuel
The thermal limit is 870 watts per assembly, the limit is given in Table 2.0.1 of the Holtec HI-STORM 100 SAR, p. 2.0-18.
The thermal limit converts to 1830 watts per metric ton of initial heavy metal (MTIHM)
870 W/Assembly * 1 Assembly/.475 MTIHM = 1830 W / MTIHM
MTIHM/Assembly = 475 KgIHM/Assembly * 1 MT/1000 KgIHM = .475 MTIHM/Assembly
475 KgIHM/Assembly is from Table 2.1.5 and Table 2.1.3 of the Holtec HI-STORM 100 SAR
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Table 6.7 is now provided to give a quick summary of waiting times for the four
different burnup cases presented.
Table 6.7 Waiting Times Summary
                                                          Summary
Burnup and Enrichment (in MWd/kgIHM) Waiting time after irradiation (in years)
30 and 3 weight percent 4.6
50 and 4 weight percent 11.3
100 and 8 weight percent 53.4
150 and 15 weight percent 81.2
The graph of this data is as follows.
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Figure 6.5 Wait Times versus Burnup graph
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The curve seems to follow a cubic form equation.  It also may be fairly well
approximated using a quadratic or linear equation, but the cubic form seems to be the
most likely.  More data would have to be generated and evaluated to get a reliable grasp
on the relationship present.   Using the data at hand as a first approximation, this line
follows the form of:
f(x) = [(5.950 x 10-4) x3] – [(7.806 x 10-2) x2] + 4.107x + 12.70 (6.1)
where in Eq. 6.1, f(x) is the burnup in MWd/kgIHM and x is the wait time in years.
Using Eq. 6.1 it is interesting to note the maximum acceptable burnups if the
amount of time in the cooling ponds was fixed.  For example, if the spent fuel could stay
in the cooling pond for 15 years (before transferring to a dry storage cask) the maximum
burnup the fuel could have would be 58.7 MWd/kgIHM.  For a cooling pond stay of 10
years, the maximum burnup is 46.6 MWd/kgIHM and for a cooling pond stay of 5 years,
the maximum burnup is 31.4 MWd/kgIHM.
Therefore, if 10 years is about the maximum amount of time that a utility would
prefer to store the spent fuel in a cooling pond before placing the spent fuel in a dry cask
storage system, it would seem that the burnup limit is about 46.6 MWd/kgIHM.
If the utilities get to the point where the burnup of the nuclear fuel exceeds about
50 MWd/kgIHM and cooling pond stays of greater than 10 years are not acceptable, it
would appear that new and more robust dry cask storage systems would become
necessary to safely store the spent nuclear fuel.
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If one desires to see the obverse graph of the Figure 6.5 it is presented below.
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Figure 6.6 Burnup versus Wait Time graph
This of course follows the same form as Figure 6.5.  The best-fit cubic equation
follows the form of:
f(x) = [(2.240 x 10-2) x2] – [(8.419 x 10-5) x3] – 1.044x + 18.04 (6.2)
where in Eq. 6.2, f(x0 is the wait time in years and x is the burnup in MWd/kgIHM.
Both of these equations are cubic but it seems acceptable that a rough
approximation may be made that they are linear.  Thus a quick thumb rule to use when
trying to determine how much more wait time is involved if the burnup is increased
would be to use a linear approximation.
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6.4.2 Possible Solutions
Since any burnup above 31.4 MWd/kgIHM will require a wait time of at least five
years before the spent fuel can be placed in a dry storage cask, it would be useful to
examine what other options would be available for higher burnup spent fuels.
The first and most obvious solution would be to design a better dry storage cask
with a more robust heat removal capacity.  Some paths to achieve this may include filling
the MPC with a medium that has a better heat transfer capability than the helium that the
HI-STORM 100 MPC is filled with or perhaps using a forced ventilation system on the
storage cask as opposed to the current natural convection method employed.  Since any
cask redesign will cost more money and the solutions to increase the heat removal
capability will probably make storing the spent fuel in the dry storage casks more
expensive, it may be better to look at some ways that the higher burnup spent fuels may
be stored in the current dry storage cask design type.
One way to use the current technology is to not fill up the dry cask storage system
but instead only partially fill up the MPC.  If we make the broad assumption that there is
a total heat removal capacity for the dry cask storage system and that it can be estimated
by multiplying the thermal heat limit by the number of assemblies the cask is designed to
hold, then one can estimate the number of higher burnup assemblies that may be stored in
the dry cask storage system.  In this case, the HI-STORM 100 system is limited to 24
assemblies for the MPC-24 and has a thermal limit of 870 watts per assembly.  Therefore,
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it may be estimated that the dry cask storage system has a total heat removal capacity of
20,880 watts per cask or thereabouts.
If we make the assumption that it is only desirable to wait only five years after
irradiation before putting the spent fuel into a dry storage cask, we can begin to estimate
how many assemblies can be placed in the dry storage casks.  By using the higher burnup
spent fuels from section 6.2 above and converting their thermal outputs after five years
irradiation into units of watts per assembly it would be possible to fashion a rough idea of
how many assemblies could be stored safely in the dry storage cask.  If we assume that in
manufacturing the higher burnup spent fuels from section 6.2 into assemblies one might
use 475 kilograms of initial heavy metal per assembly, then the conversion of their heat
output from watts per metric ton of initial heavy metal into watts per assembly becomes a
simple matter of multiplying the thermal output in watts per metric ton of initial heavy
metal by .475.  Doing so and comparing the result to the estimate for the total heat
removal capacity for the dry cask storage system yields the results summarized in Table
6.8 below.
Table 6.8 – Storing fewer high burnup spent fuel assemblies in the MPC-24 after 5 years
Burnup (MWd/kgIHM) Watts/Assembly(x1000)
Number of Assemblies
Permissible
30 0.864 24
50 1.56 13
100 3.35 6
150 4.63 4
If we can allow the spent fuel to remain in the cooling ponds for ten years after
removal from the core before they have to be stored in the dry casks, it should be possible
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to store more assemblies per cask.  Using the same assumptions made above, Table 6.9
gives an estimate of how many assemblies could be stored in the MPC-24 after 10 years.
Table 6.9 – Storing fewer high burnup spent fuel assemblies in the MPC-24 after 10 years
Burnup (MWd/kgIHM) Watts/Assembly(x1000)
Number of Assemblies
Permissible
30 0.494 24
50 0.921 22
100 2.11 9
150 3.03 6
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CHAPTER SEVEN                                                                                               
Summary, Conclusions, and Recommendations for Future
Work
7.1 Summary and Conclusions
Disposal of post-irradiation fuel from nuclear reactors is a problem that has
perplexed nuclear industry and governmental regulatory authorities for many years.
Almost all countries that have a substantial nuclear power industry have determined that
some sort of long-term disposal of the post-irradiation fuel from nuclear reactors, more
commonly known as spent fuel, is necessary.
The options available for long-term disposal have crystallized after many years of
debate into one of two possibilities. The first possibility is geological disposal of the
spent fuel.  Geological disposal entails burying the spent fuel in an underground
repository for a long period of time.  Reprocessing is the second option for disposal.
Most countries currently store their spent fuel at the reactor sites, because no
long-term disposal strategy is in place. Therefore, the concept of an intermediate nuclear
spent fuel storage facility has been introduced as a method of temporarily storing the
spent fuel in a central location, for 50 to 100 years, until a long-term disposal strategy is
definitively in place.
The concept of an intermediate nuclear spent fuel storage facility is an especially
attractive one for the countries of the eastern pacific rim that have a significant nuclear
power industry, such as Japan, South Korea, China and Taiwan.  Due to the high
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population densities in these countries, storing the spent fuel at the reactor sites places a
large number of people at risk in the event of an incident involving the stored spent fuel.
The intermediate nuclear spent fuel storage facility would be international since it
would be storing spent fuel that is the property of a company located in one country in a
facility that would be located in another country.  For example, spent fuel from a power
production utility in Japan would be stored in a spent fuel storage facility located in
Russia.  The type of storage would be intermediate in that the facility would only be
storing the fuel for a limited period of time, in the range of 50 to 100 years.  Finally, the
facility would be a nuclear spent fuel storage facility only and would neither seek to
encompass the simultaneous storage of weapons grade fissionable material nor seek to
become a production facility for mixed oxide fuels.
In this thesis it was assumed that a dry cask storage system would be used by a
hypothetical international intermediate nuclear spent fuel storage facility.  Specifically
the type of system that is contemplated is Holtec International's HI-STORM 100 Cask
Storage System.
This thesis intended to:
1. Elucidate criteria that can be used to compare one potential international
intermediate nuclear spent fuel storage facility site location with another
location.
2. Utilize those criteria to compare four potential international intermediate
nuclear spent fuel storage facility site locations.  Of these four locations,
two were in Russia (one the old nuclear city of Krasnoyarsk-26 currently
known as Zheleznogorsk and one on Sakhalin Island at Kholmsk), one in
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China (at Xilinhot in Manchuria) and one in Australia (at Meekatharra in
Western Australia).
3. Review and recommend appropriate safety and safeguard regulations that
could be employed in any potential IINSFSF.
4. Present a limited overview of some legal issues pertaining to any potential
IINSFSF.
5. Examine the effects that nuclear fuels that are designed to allow for higher
burnups would have on storage and transportation once said higher burnup
fuels have been in core and transformed into spent nuclear fuel.
132
Location Criteria
Geological Suitability
To get an idea of the requirements that will be placed on a future IINSFSF, it is
useful to look at the proposal put forth by Private Fuel Storage L.L.C.   This company’s
requirements are based on the use of the Holtec HI-STORM 100 cask system.  Using this
system as the input, the specifications for the storage pads are as follows: each storage
pad will be loaded to a static bearing pressure of 1.94 ksf, considering the dead load plus
long-term live load.1a
In the United States, Title 10 of the Code of Federal Regulations section 72 has a
number of requirements for the siting of a nuclear spent fuel storage facility.  Although
the regulations would not be applicable to a storage facility located outside the United
States, they present useful guidelines.  Some examples are consideration of present and
projected future uses of land and water within the region, any special characteristics that
may influence the potential consequences of a release of radioactive material during the
operational lifetime of the IINSFSF and sites other than bedrock sites be evaluated for
their liquefaction potential.
There are some other guidelines, not listed specifically in 10 CFR 72.  For
instance, if the IINSFSF is located over an aquifer that is a major water resource,
measures must be taken to preclude the transport of radioactive materials to the
environment through this potential pathway.  Also, natural slopes close to the proposed
facility should be evaluated for geological stability.
                                                
a See §2.1.6.4 (Stability of Subsurface Materials) of Private Fuel Storage LLC Safety Evaluation Report for
more detail.
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Seismic Stability
Assuming a hypothetical IINSFSF would use the HI-STORM 100 dry cask
storage system, the following limits would apply.  According to the HI-STORM 100
Safety Evaluation Report filed with the Nuclear Regulatory Commission, the cask storage
system can sustain a .397g horizontal movement of the ground below it and not tip over.
Since 1g = 9.80665 m/s2, the maximum horizontal acceleration that the cask storage
system can sustain and not tip over is 3.89324 m/s2.  This is equivalent to a magnitude
rating of 7.3 on the richter scale.  Therefore, for an IINSFSF using a dry cask storage
system like the HI-STORM 100, the IINSFSF ideally should not be built in an area that is
likely to be subject to earthquakes with a magnitude of greater than or equal to 7.3 on the
richter scale in order to prevent cask tipover.
 Regardless of where the IINSFSF is constructed, it is possible to install seismic
support struts to ensure that the transfer, storage, and shipping casks will remain stable
and not topple in the event of an earthquake.  Therefore, although it may be desirable to
construct the IINSFSF in an area that historically experiences earthquakes of less than
magnitude 7.3, it is not absolutely necessary because of the availability of support struts
to counterbalance any risk of tipover.
Land Area Suitability
If eight HI-STORM 100 dry storage casks are stored on a 30 ft × 64 ft × 3 ft
concrete pad, then 240 square feet per storage cask is required.  Multiplying this number
by 5,000 gives an area requirement of 1,200,000 square feet (or 27.55 acres).  Using the
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geometry given for the storage pad in the PFS SER (essentially a 1 x 2 rectangle), this
yields a total geometry for the hypothetical storage facility storage pad of 774 ft x 1550 ft
or about 2.5 football fields by 5 football fields.
Using PFS’s site boundary placement of 2,130 feet from the dry cask storage pad,
the total area of a hypothetical IINSFSF would be 3,208,640 square feet (or 73.66 acres)
in an elliptical shape.  This area includes 10,000 square feet to provide for a cask
transfer/unloading facility and personnel support structures.
Site Infrastructure Suitability
It is likely that any functioning IINSFSF will have at least six major structures
that will allow for the operation of the facility.  These six major structures would be:  a
storage building or a storage pad exposed to the elements, a canister transfer building to
allow for the transfer of the spent fuel from the shipping casks to the storage casks, an
inspection building to allow for inspection of the shipping casks as they arrive and before
they are transferred to the storage casks, a personnel support building to provide
accommodations and support for personnel operating the facility, a security and health
physics building which is also commonly known as an operations building, and finally a
maintenance building where the prime movers and other critical equipment could be
maintained. The facility will also have to have a 160-ton crane (for handling the spent
nuclear fuel).  The facility would have to be constructed to allow for one or more of three
modes of shipment, with the shipping casks arriving via rail, road or waterborne access.
Therefore a potential site should ideally be able to accommodate one of the three
modes of transportation available.  In addition it should also be able to receive a 160-ton
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crane and have the local technical expertise to accommodate the construction of the
canister transfer building and the installation and operation of the crane.  This is because
these items are considered to have a major impact on safety.
Transportation Infrastructure Suitability
Ideally, any site should be accessible via a railroad in good operating condition
originating from a well-equipped port.  Alternatively, the site could access from the port
to the site via a well-maintained highway or possibly even via a river where the spent fuel
would be transported up the river from the seaport on a barge.  It is prudent to follow
procedures designed to ensure safe transportation of spent nuclear fuel. Specifically, sea
borne shipments should meet the requirements of the International Convention for Safety
of Life at Sea, SOLAS and the International Code for the Safe Carriage of Packaged
Irradiated Nuclear Fuel, Plutonium and High-Level Radioactive Wastes on Board Ships
(INF Code).
Any overland transportation of spent fuel should strive to meet similar
requirements to those set forth in the U.S. Department of Transportation (DOT)
regulations.  Specifically of concern amongst those regulations would be 49 CFR 171, 49
CFR 172, 49 CFR 173, 49 CFR 174, 49 CFR 176, 49 CFR 177 and 10 CFR 71.
Meteorological Suitability
There are meteorological conditions that should be met by the ideal candidate site
for any potential IINSFSF.  These conditions are based on the weather conditions that
will meet the criteria for the cask storage system of interest, the HI-STORM 100 cask
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system, and thus the meteorological conditions may vary slightly if a different cask
storage system is used.
There are no specific requirements regarding the amount of precipitation that a
potential site may accumulate with respect to the anticipated cask system.  However, it is
always better to limit corrosion when possible.  Thus, constructing a facility in an arid
environment is the ideal situation.
The cask system, however, does impose temperature constraints on potential sites.
The cask system requires that the maximum average temperature throughout the year be
no greater than 80 degrees Fahrenheit.2b  Additionally, the maximum temperature
averaged over a three-day period can be no greater than 125 degrees Fahrenheit and no
less than –40 degrees Fahrenheit.2b   Finally, there are certain flood conditions that must
be met by any potential storage site.  The cask system used for benchmark purposes
requires that the peak water velocity in any flood situation not exceed 15 feet per
second.2c  It further mandates that the maximum height that the floodwater may reach
above the ground on which the casks rest should be no greater than 125 feet.2cd
Willingness of Host Nation
The willingness of a host nation to allow for the construction of an IINSFSF is an
important criterion.  The more willing a host nation is to accept and assist in the
importation and storage of spent nuclear fuel, the less time and expense a company
seeking to establish an IINSFSF in that nation will have to put forth.
                                                
b See Reference 2, § 4.3 (Thermal Load Specification / Ambient temperature).
c See Reference 2, § 11.2.7.2 (Consequences of Floods) and § 3.4.2 (Accident Conditions).
d This limit is for a fully submerged overpack with a Multi-Purpose Canister that is at the minimum weight.
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The most desirable situation is one in which the host nation wants to import and
store nuclear spent fuel and already has appropriate legislation permitting the same.
Population Density
In the realm of population density, there seem to be five general areas wherein the
approach taken by the designers of the IINSFSF and the overall impact on any IINSFSF
project would vary greatly depending on the population density in the immediate vicinity
of the IINSFSF.
The first of these five general areas is the concerns of the local population toward
the installation of a nuclear facility in the immediate vicinity, the so called “not in my
backyard” syndrome or NIMBY. The second general area is the area ensuring the
security of the IINSFSF from attack by proliferators.  The third general area whose
approach and overall impact on any IINSFSF project would vary greatly depending on
the population density is the area of worker support. The fourth general area is the area of
the risk to the local population from an accident at the facility.  The fifth is the area of
transportation costs.
The ideal criteria seems to be a location that is remote with respect to the
immediate area around the IINSFSF yet within striking distance of an area with a fairly
high population density to provide the personnel and transportation support necessary for
an efficient IINSFSF.
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Safety and Safeguards
Any host country should abide by the safety and safeguards criteria, via a
safeguards agreement, set forth in the IAEA Information Circular revision 2
(INFCIRC/66/Rev.2).  There is no provision in the information circular specifically for
an IINSFSF.  For this reason, it would seem prudent that any potential storage facility
adhere to the requirements of Annex II (provisions for safeguarded nuclear material in
conversion plants and fabrication plants) with respect to submission of reports and
frequency of inspections.
Limited Overview of Relevant Legal Issues
When examining the legal issues associated with a hypothetical IINSFSF there
are two general areas that must be investigated.  These are the areas of applicable
international treaties between the host nation and all contributing nations and the area of
applicable national statutes that will affect the IINSFSF.
The two major treaties in the world today dealing with the civil liability of nuclear
facility operators as the result of a nuclear related mishap, are commonly referred to as
the Vienna Convention and the Paris Convention.
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The applicable statutes of the United States and Russia pertaining to the nuclear
industries in those countries are the Price-Anderson Act and the recent Russian law
allowing importation of spent nuclear fuel.
There are many business forms available to any corporation desiring to conduct
business within Russia but probably the most likely and most easily utilized business
form is the Open Joint Stock Company. In the United States, in the state of Virginia, the
circumstances of ownership presented by a likely hypothetical IINSFSF (small number of
owners with stable ownership interests interested in limiting their liability and obtaining
equitable tax treatment) would seem to make the LLC (Limited Liability Company) the
most logical option.
By following a logic path delineated in depth below but too cumbersome to be
included here, it would probably be best to allow the utility donating the spent fuel to
retain title to the spent fuel.
Finally, it is highly desirable for the host country to have in place a law limiting
the liability of the operator of the IINSFSF.
Comparison of Four Separate Sites
In comparing the feasibility of sites for an IINSFSF, the eight criteria derived
above must be applied to the potential sites.  There were four potential sites to which
these criteria were applied.  The sites are the old nuclear city of Krasnoyarsk-26 currently
known as Zheleznogorsk and Kholmsk on Sakhalin Island, both in Russia; Xilinhot in
Nei Mongol, China and Meekatharra in Western Australia, Australia.
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The proposed site at Krasnoyarsk – 26 (Zheleznogorsk) was evaluated as the most
logical site of the four compared.  Krasnoyarsk – 26 (Zheleznogorsk) is located on the
Yenisey River about 800 miles from the Yenisey Rivers’ mouth in the Arctic Ocean.  It is
located north-northeast of the joint border between Russia, Mongolia, China and
Kazakhstan.
The evaluation of Krasnoyarsk – 26 (Zheleznogorsk) as the most logical site was
mainly due to the willingness of the host nation, Russia, to accept this type of facility and
the stated desire of the Russian government to provide employment to former Russian
defense workers.  Since Krasnoyarsk – 26 was a former closed nuclear city in the Soviet
Union and has been mentioned by representatives of the Russian Ministry of Atomic
Energy (MINATOM) as a preferred site, it seems logical to pre-suppose that this site
would enjoy the strongest backing of the Russian Federal government. In addition,
Krasnoyarsk – 26 rates as the best site with respect to geological suitability and seismic
suitability.
Without consideration for the willingness of the host nation, Meekatharra would
be the ideal site.  Meekatharra is located about 400 miles north-northeast of Perth and
Fremantle on Australia’s west coast.
Unfortunately for this site, the likely strong opposition of the Australian
government to such an arrangement does not make Meekatharra a viable alternative.e
Xilinhot placed third followed by the Sakhalin Island site of Kholmsk in this review of
potential IINSFSF sites.
                                                
e See §5.1 supra for a more detailed explanation of why the Australian government would likely have
strong opposition to storing nuclear spent fuel.
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Higher Burnup Spent Nuclear Fuel Effects on Dry Storage
Economics are driving nuclear power plants in the United States to look to
implement more highly enriched fuels to achieve higher burnups.  This is because the
best way to lower the busbar cost is to lower the nuclear fuel cycle costs.   The best way
to lower the nuclear fuel cycle costs is to minimize the revenue lost due to refueling
downtime.3  Increasing the burnup is a primary way to lower refueling downtime.  The
common theme in all of the current high burnup strategies is that increased fuel
enrichment is used to allow for higher burnups.3
How these higher burnup spent fuels affect the spent fuel storage situations at
reactor sites is not completely clear.  More specifically, how these higher burnup spent
fuels will affect dry cask storage of spent fuels at reactor sites should be examined.  To
determine this, it is first necessary to determine what the decay heat output of the higher
burnup spent fuels is likely to be.  Only the impact on the decay heat limits of the dry
cask storage system were considered, the impacts on the criticality and radiation limits
were not considered.
The high burnup spent fuels that will be examined are PWR spent fuels.  Mr.
Zhiwen Xu determined what the decay heat output of the higher burnup spent fuels would
be.3   Mr. Xu did burnup calculations for 4 cases wherein he varied the initial enrichment
of the input fresh fuel (using 3%, 4%, 8% and 15%) and simulated in core burnups for 4
varying periods (using 30MWd/kg, 50 MWd/kg, 100MWd/kg and 150 MWd/kg).  Mr.
Xu then calculated the decay of these fuels for varying periods of time after their removal
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from the simulated core (using times of 0 years, .1 years, .215 years, .462 years, 1 year,
2.15 years, 4.62 years, 10 years, 21.5 years, 46.2 years, 100 years and 215 years).  Mr. Xu
calculated the burnup and decay using MCODE (an improved MCNP-ORIGEN depletion
program).
The next step is to answer whether the current dry cask storage systems can safely
handle the decay heat of these higher burnup spent fuels. One method of answering this
question is to examine a current dry cask storage system and see how the increased decay
heat fits within the limitations of this system.  This will answer whether the current crop
of dry cask storage systems can handle the contemplated higher burnup spent fuels or
whether new systems will have to be designed.
In examining the current 14 NRC approved dry cask storage systems, the Holtec
HI-STORM 100 PWR spent fuel dry cask storage system was selected to be the system
used as a benchmark.  The reason is that the HI-STORM 100 system is among the most
popular and current storage systems.
The Safety Analysis Report (SAR) submitted to the NRC by Holtec International
(the manufacturers of the HI-STORM 100 system) states that the maximum decay heat
per assembly acceptable for safe storage in the HI-STORM 100 system, for a five year
cooled spent fuel assembly, is 870 watts per assembly.4f  The decay heat limit for the HI-
STORM 100 system is based on not exceeding the fuel cladding temperature limit for the
reference fuel used (a 15 x 15 array of Babcock and Wilcox spent fuel).
After plotting the decay heat output of the higher burnup spent fuels versus time
after discharge for the four different burnup / enrichment cases and then applying the dry
cask storage limit, the following results were obtained.
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Table 7.1 Waiting Times Summary
                                                          Summary
Burnup and Enrichment (in MWd/kgIHM) Waiting time after irradiation (in years)
30 and 3 weight percent 4.6
50 and 4 weight percent 11.3
100 and 8 weight percent 53.4
150 and 15 weight percent 81.2
This relationship seems to follow a cubic form equation of the form: f(x) =
[(5.950 x 10-4) x3] – [(7.806 x 10-2) x2] + 4.107x + 12.70, where f(x) is the burnup in
MWd/kgIHM and x is the wait time in years. It also may be fairly well approximated
using a quadratic or linear equation.  Thus a fairly accurate thumb rule to use when trying
to determine how much more wait time is involved if the burnup is increased would be to
use a linear approximation.
Therefore, if 10 years were about the maximum amount of time that a utility
would prefer to store the spent fuel in a cooling pond before placing the spent fuel in a
dry cask storage system, it would seem that the burnup limit is about 46.6 MWd/kgIHM.
If 5 years were about the maximum amount of time that a utility would prefer to store the
spent fuel in a cooling pond before placing the spent fuel in a dry cask storage system, it
would seem that the burnup limit is about 31.4 MWd/kgIHM.
If the utilities get to the point where the burnup of the nuclear fuel exceeds about
50 MWd/kgIHM and cooling pond stays of greater than 10 years are not acceptable, it
would appear that new and more robust dry cask storage systems would become
necessary to safely store the spent nuclear fuel.  Alternatively, it may be possible to store
fewer of the higher burnup spent fuel assemblies in the dry storage casks.  That is, if the
                                                                                                                                                
f See Table 2.0.1 on p. 2.0-18 of reference 4.
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cask is designed to store 24 assemblies, it may be possible to only store 12 and still be
within the thermal limits.
By making a number of assumptions outlined in section 6.4.2 it was estimated
how many higher burnup assemblies could be stored in the MPC-24 (PWR) canister.
Table 7.2 below gives a summary of these results if one waits five years after irradiation
before putting the spent fuel into the dry cask storage system.
Table 7.2 - Storing fewer high burnup spent fuel assemblies in the MPC-24 after 5 years
Burnup (MWd/kgIHM) Watts/Assembly(x1000)
Number of Assemblies
Permissible
30 0.864 24
50 1.56 13
100 3.35 6
150 4.63 4
7.2 Recommendations for Future Analysis
There are a few more issues relative to the IINSFSF criteria that would benefit
from further research.  Similarly, there are more questions that need to be answered
before any truly definitive conclusions can be drawn on the necessity for new, more
robust dry cask storage systems and at what burnups these new systems would be
required.
1.  Examine the law passed on June 6, 2001 by the Russian Duma as an
amendment to the Law on Environmental Protection that allows for the importation into
Russia of nuclear spent fuel.  Have this law translated from Russian into English, ideally
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by a bilingual legal scholar.   Currently, information about this law is only available via
secondary sources.  It is prudent to promulgate only recommendations after having
reviewed the primary source of a law to avoid errors brought about by differences of
interpretation and inaccuracies in reporting.  Determine if Russia has agreed to sign the
Multilateral Nuclear Environmental Program (Mnepr) with the Arctic Council (whose
member nations are Scandinavian countries).  The Mnepr is a multilateral agreement that
would give liability coverage to western countries and contractors involved in the cleanup
work.  If Russia signs this agreement it indicates that it is willing to agree to a treaty
based law limiting liability for non-Russian enterprises.
2.  Determine if there are any Russian, Chinese or Australian laws already in
existence that limit liability for the operator of a nuclear facility similar to the manner
that the Price-Anderson Act does in the United States.
3.  Examine the newer NRC licensed dry cask storage systems to find out if ay of
them have a higher heat removal capacity than the Holtec HI-STORM 100 dry cask
storage system.  This would allow verification that the Holtec HI-STORM 100 system is
the limiting case.
4.  Examine how the specifics of the newer fuel designs will impact the thermal
limits of the dry storage casks.  For example, if the newer fuel designs have a 17x17
assembly geometry and the larger number of fuel rods engender a higher fuel surface to
volume ratio, this may facilitate higher heat removal from the cask.
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APPENDIX A                                                                                                          
IAEA Information Circular revision 2 (INFCIRC/66/Rev.2)
The Agency's Safeguards System
(1965, as Provisionally Extended in 1966 and 1968)
1. The Agency's safeguards system, as approved by the Board of Governors in 1965,
and provisionally extended in 1966 and 1968, is set forth in this document for the
information of all Members.
2. The development of the system from 1961 onwards has been as follows:
System
Nature Name
Set forth in document
The first system The Agency's SafeguardsSystem (1961) INFCIRC/26
The 1961 system as extended to
cover large reactor facilities
The Agency's Safeguards
System (1961, as Extended
in 1964)
INFCIRC/26 and
INFCIRC/26/Add.1
The revised system The Agency's SafeguardsSystem (1965) INFCIRC/66
The revised system with additional
provisions for reprocessing plants
The Agency's Safeguards
System (1965 as
Provisionally Extended in
1966)
INFCIRC/66/Rev.1
The revised system with further
additional provisions for
safeguarded nuclear material in
conversion plants and fabrication
plants
The Agency's Safeguards
System (1965, as
Provisionally Extended in
1966 and 1968)
INFCIRC/66/Rev.2
The Agency's Safeguards System
(1965, as Provisionally Extended in 1966 and 1968)
I. GENERAL CONSIDERATIONS
A. THE PURPOSE OF THIS DOCUMENT
1. Pursuant to Article II of its Statute the Agency has the task of seeking "to
accelerate and enlarge the contribution of atomic energy to peace, health and
prosperity throughout the world". Inasmuch as the technology of nuclear energy
for peaceful purposes is closely coupled with that for the production of materials
for nuclear weapons, the same Article of the Statute provides that the Agency
"shall ensure, so far as it is able, that assistance provided by it or at its request or
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under its supervision or control is not used in such a way as to further any military
purpose".
2. The principal purpose of the present document is to establish a system of controls
to enable the Agency to comply with this statutory obligation with respect to the
activities of Member States in the field of the peaceful uses of nuclear energy, as
provided in the Statute. The authority to establish such a system is provided by
Article III.A.5. of the Statute, which authorizes the Agency to "establish and
administer safeguards designed to ensure that special fissionable and other
materials, services, equipment, facilities, and information made available by the
Agency or at its request or under its supervision or control are not used in such a
way as to further any military purpose". This Article further authorizes the
Agency to "apply safeguards, at the request of the parties, to any bilateral or
multilateral arrangement, or at the request of a State, to any of that State's
activities in the field of atomic energy". Article XII.A sets forth the rights and
responsibilities that the Agency is to have, to the extent relevant, with respect to
any project or arrangement which it is to safeguard.
3. The principles set forth in this document and the procedures for which it provides
are established for the information of Member States, to enable them to determine
in advance the circumstances and manner in which the Agency would administer
safeguards, and for the guidance of the organs of the Agency itself, to enable the
Board and the Director General to determine readily what provisions should be
included in agreements relating to safeguards and how to interpret such
provisions.
4. Provisions of this document that are relevant to a particular project, arrangement
or activity in the field of nuclear energy will only become legally binding upon
the entry into force of a safeguards agreement* and to the extent that they are
incorporated therein. Such incorporation may be made by reference.
5. Appropriate provisions of this document may also be incorporated in bilateral or
multilateral arrangements between Member States, including all those that
provide for the transfer to the Agency of responsibility for administering
safeguards. The Agency will not assume such responsibility unless the principles
of the safeguards and the procedures to be used are essentially consistent with
those set forth in this document.
6. Agreements incorporating provisions from the earlier version of the Agency's
safeguards system (set forth in documents INFCIRC/26 and Add.1) will continue
to be administered in accordance with such provisions, unless all States parties
thereto request the Agency to substitute the provisions of the present document.
7. Provisions relating to types of principal nuclear facilities, other than reactors,
which may produce, process or use safeguarded nuclear material will be
developed as necessary.
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8. The principles and procedures set forth in this document shall be subject to
periodic review in the light of the further experience gained by the Agency as well
as of technological developments.
B. GENERAL PRINCIPLES OF THE AGENCY'S SAFEGUARDS
The Agency's obligations
9. Bearing in mind Article II of the Statute, the Agency shall implement safeguards
in a manner designed to avoid hampering a State's economic or technical
development.
10. The safeguards procedures set forth in this document shall be implemented in a
manner designed to be consistent with prudent management practices required for
the economic and safe conduct of nuclear activities.
11. In no case shall the Agency request a State to stop the construction or operation of
any principal nuclear facility to which the Agency's safeguards procedures
extend, except by explicit decision of the Board.
12. The State or States concerned and the Director General shall hold consultations
regarding the application of the provisions of the present document.
13. In implementing safeguards, the Agency shall take every precaution to protect
commercial and industrial secrets. No member of the Agency's staff shall
disclose, except to the Director General and to such other members of the staff as
the Director General may authorize to have such information by reason of their
official duties in connection with safeguards, any commercial or industrial secret
or any other confidential information coming to his knowledge by reason of the
implementation of safeguards by the Agency.
14. The Agency shall not publish or communicate to any State, organization or person
any information obtained by it in connection with the implementation of
safeguards, except that:
a. Specific information relating to such implementation in a State may be
given to the Board and to such Agency staff members as require such
knowledge by reason of their official duties in connection with safeguards,
but only to the extent necessary for the Agency to fulfil its safeguards
responsibilities;
b. Summarized lists of items being safeguarded by the Agency may be
published upon decision of the Board; and
c. Additional information may be published upon decision of the Board and
if all States directly concerned agree.
Principles of implementation
15. The Agency shall implement safeguards in a State if:
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 . The Agency has concluded with the State a project agreement under
which materials, services, equipment, facilities or information are
supplied, and such agreement provides for the application of safeguards;
or
a. The State is a party to a bilateral or multilateral arrangement under which
materials, services, equipment, facilities or information are supplied or
otherwise transferred, and:
 i. All the parties to the arrangement have requested the Agency to
administer safeguards; and
 ii. The Agency has concluded the necessary safeguards agreement
with the State; or
b. The Agency has been requested by the State to safeguard certain nuclear
activities under the latter's jurisdiction, and the Agency has concluded the
necessary safeguards agreement with the State.
16. In the light of Article XII.A.5 of the Statute, it is desirable that safeguards
agreements should provide for the continuation of safeguards, subject to the
provisions of this document, with respect to produced special fissionable material
and to any materials substituted therefor.
17. The principal factors to be considered by the Board in determining the relevance
of particular provisions of this document to various types of materials and
facilities shall be the form, scope and amount of the assistance supplied, the
character of each individual project and the degree to which such assistance could
further any military purposes. The related safeguards agreement shall take
account of all pertinent circumstances at the time of its conclusion.
18. In the event of any non-compliance by a State with a safeguards agreement, the
Agency may take the measures set forth in Articles XII.A.7 and XII.C of the
Statute.
II. CIRCUMSTANCES REQUIRING SAFEGUARDS
A. NUCLEAR MATERIALS SUBJECT TO SAFEGUARDS
19. Except as provided in paragraphs 21 - 28, nuclear material shall be subject to the
Agency's safeguards if it is being or has been:
 . Supplied under a project agreement; or
a. Submitted to safeguards under a safeguards agreement by the parties to a
bilateral or multilateral arrangement; or
b. Unilaterally submitted to safeguards under a safeguards agreement; or
c. Produced, processed or used in a principal nuclear facility which has
been:
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0. Supplied wholly or substantially under a project agreement; or
1. Submitted to safeguards under a safeguards agreement by the
parties to a bilateral or multilateral arrangement; or
2. Unilaterally submitted to safeguards under a safeguards
agreement; or
d. Produced in or by the use of safeguarded nuclear material; or
e. Substituted, pursuant to paragraph 26(d), for safeguarded nuclear material.
20. A principal nuclear facility shall be considered as substantially supplied under a
project agreement if the Board has so determined.
B. EXEMPTIONS FROM SAFEGUARDS
General exemptions
21. Nuclear material that would otherwise be subject to safeguards shall be exempted
from safeguards at the request of the State concerned, provided that the material
so exempted in that State may not at any time exceed:
 . 1 kilogram in total of special fissionable material, which may consist of
one or more of the following:
0. Plutonium;
1. Uranium with an enrichment of 0.2 (20%) and above, taken
account of by multiplying its weight by its enrichment;
2. Uranium with an enrichment below 0.2 (20%) and above that of
natural uranium taken account of by multiplying its weight by five
time the square of its enrichment;
a. 10 metric tons in total of natural uranium and depleted uranium with an
enrichment above 0.005 (0.5%);
b. 20 metric tons of depleted uranium with an enrichment of 0.005 (0.5%) or
below; and
c. 20 metric tons of thorium.
Exemptions related to reactors
22. Produced or used nuclear material that would otherwise be subject to safeguards
pursuant to paragraph 19(d) or (e) shall be exempted from safeguards if:
 . It is plutonium produced in the fuel of a reactor whose rate of production
does not exceed 100 grams of plutonium per year; or
a. It is produced in a reactor determined by the Agency to have a maximum
calculated power for continuous operation of less than 3 thermal
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megawatts, or is used in such a reactor and would not be subject to
safeguards except for such use, provided that the total power of the
reactors with respect to which these exemptions apply in any State may
not exceed 6 thermal megawatts.
23. Produced special fissionable material that would otherwise be subject to
safeguards pursuant only to paragraph 19(e) shall in part be exempted from
safeguards if it is produced in a reactor in which the ratio of fissionable isotopes
within safeguarded nuclear material to all fissionable isotopes is less than 0.3
(calculated each time any change is made in the loading of the reactor and
assumed to be maintained until the next such change). Such fraction of the
produced material as corresponds to the calculated ratio shall be subject to
safeguards.
C. SUSPENSION OF SAFEGUARDS
24. Safeguards with respect to nuclear material may be suspended while the material
is transferred, under an arrangement or agreement approved by the Agency, for
the purpose of processing, reprocessing, testing, research or development, within
the State concerned or to any other Member State or to an international
organization, provided that the quantities of nuclear material with respect to
which safeguards are thus suspended in a State may not at any time exceed;
 . 1 effective kilogram of special fissionable material;
a. 10 metric tons in total of natural uranium and depleted uranium with an
enrichment above 0.005 (0.5%);
b. 20 metric tons of depleted uranium with an enrichment of 0.005 (0.5%) or
below; and
c. 20 metric tons of thorium.
25. Safeguards with respect to nuclear material in irradiated fuel which is transferred
for the purpose of reprocessing may also be suspended if the State or States
concerned have, with the agreement of the Agency, placed under safeguards
substitute nuclear material in accordance with paragraph 26(d) for the period of
suspension. In addition, safeguards with respect to plutonium contained in
irradiated fuel which is transferred for the purpose of reprocessing may be
suspended for a period not to exceed six months if the State or States concerned
have, with the agreement of the Agency, placed under safeguards a quantity of
uranium whose enrichment in the isotope uranium-235 is not less than 0.9 (90%)
and the uranium-235 content of which is equal in weight to such plutonium. Upon
expiration of the said six months or the completion of reprocessing, whichever is
earlier, safeguards shall, with the agreement of the Agency, be applied to such
plutonium and shall cease to apply to the uranium substituted there for.
D. TERMINATION OF SAFEGUARDS
26. Nuclear material shall no longer be subject to safeguards after:
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 . It has been returned to the State that originally supplied it (whether
directly or through the Agency), if it was subject to safeguards only by
reason of such supply and if:
0. It was not improved while under safeguards; or
1. Any special fissionable material that was produced in it under
safeguards has been separated out, or safeguards with respect to
such produced material have been terminated; or
a. The Agency has determined that:
0. It was subject to safeguards only by reason of its use in a principal
nuclear facility specified in paragraph 19(d);
1. It has been removed from such a facility; and
2. Any special fissionable material that was produced in it under
safeguards has been separated out, or safeguards with respect to
such produced material have been terminated; or
b. The Agency has determined that it has been consumed, or has been diluted
in such a way that it is no longer usable for any nuclear activity relevant
from the point of view of safeguards, or has become practicably
irrecoverable; or
c. The State or States concerned have, with the agreement of the Agency,
placed under safeguards, as a substitute, such amount of the same element,
not otherwise subject to safeguards, as the Agency has determined
contains fissionable isotopes:
0. Whose weight (with due allowance for processing losses) is equal
to or greater than the weight of the fissionable isotopes of the
material with respect to which safeguards are to terminate; and
1. Whose ratio by weight to the total substituted element is similar to
or greater than the ratio by weight of the fissionable isotopes of the
material with respect to which safeguards are to terminate to the
total weight of such material;
provided that the Agency any agree to the substitution of plutonium for
uranium-235 contained in uranium whose enrichment is not greater than
0.05 (5.0%); or
d. It has been transferred out of the State under paragraph 28(d), provided
that such material shall again be subject to safeguards if it is returned to
the State in which the Agency had safeguarded it; or
155
e. The conditions specified in the safeguards agreement, pursuant to which it
was subject to Agency safeguards, no longer apply, by expiration of the
agreement or otherwise.
27. If a State wishes to use safeguarded source material for non-nuclear purposes,
such as the production of alloys or ceramics, it shall agree with the Agency on the
circumstances under which the safeguards on such material may be terminated.
E. TRANSFER OF SAFEGUARDED NUCLEAR MATERIAL OUT OF THE
STATE
28. No safeguarded nuclear material shall be transferred outside the jurisdiction of
the State in which it is being safeguarded until the Agency has satisfied itself that
one or more of the following conditions apply:
 . The material is being returned, under the conditions specified in paragraph
26(a), to the State that originally supplied it; or
a. The material is being transferred subject to the provisions of paragraph 24
or 25; or
b. Arrangements have been made by the Agency to safeguard the material in
accordance with this document in the State to which it is being transferred;
or
c. The material was not subject to safeguards pursuant to a project
agreement and will be subject, in the State to which it is being transferred,
to safeguards other than those of the Agency but generally consistent with
such safeguards and accepted by the Agency.
III. SAFEGUARDS PROCEDURES
A. GENERAL PROCEDURES
Introduction
29. The safeguards procedures set forth below shall be followed, as far as relevant,
with respect to safeguarded nuclear materials, whether they are being produced,
processed or used in any principal nuclear facility or are outside any such facility.
These procedures also extend to facilities containing or to contain such materials,
including principal nuclear facilities to which the criteria in paragraph 19(d)
apply.
Design review
30. The Agency shall review the design of principal nuclear facilities, for the sole
purpose of satisfying itself that a facility will permit the effective application of
safeguards.
31. The design review of a principal nuclear facility shall take place at as early a
stage as possible. In particular, such review shall be carried out in the case of:
 . An Agency project, before the project is approved;
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a. A bilateral or multilateral arrangement under which the responsibility for
administering safeguards is to be transferred to the Agency, or an activity
unilaterally submitted by a State, before the Agency assumes safeguards
responsibilities with respect to the facility;
b. A transfer of safeguarded nuclear material to a principal nuclear facility
whose design has not previously been reviewed, before such transfer takes
place; and
c. A significant modification of a principal nuclear facility whose design has
previously been reviewed, before such modification is undertaken.
32. To enable the Agency to perform the required design review, the State shall
submit to it relevant design information sufficient for the purpose, including
information on such basic characteristics of the principal nuclear facility as may
bear on the Agency's safeguards procedures. The Agency shall require only the
minimum amount of information and data consistent with carrying out its
responsibility under this section. It shall complete the review promptly after the
submission of this information by the State and shall notify the latter of its
conclusions without delay.
Records
33. The State shall arrange for the keeping of records with respect to principal
nuclear facilities and also with respect to all safeguarded nuclear material outside
such facilities. For this purpose the State and the Agency shall agree on a system
of records with respect to each facility and also with respect to such material, on
the basis of proposals to be submitted by the State in sufficient time to allow the
Agency to review them before the records need to be kept.
34. If the records are not kept in one of the working languages of the Board, the State
shall make arrangements to facilitate their examination by inspectors.
35. The records shall consist, as appropriate, of:
 . Accounting records of all safeguarded nuclear material; and
a. Operating records for principal nuclear facilities.
36. All records shall be retained for at least two years.
Reports
GENERAL REQUIREMENTS
37. The State shall submit to the Agency reports with respect to the production,
processing and use of safeguarded nuclear material in or outside principal
nuclear facilities. For this purpose the State and the Agency shall agree on a
system of reports with respect to each facility and also with respect to safeguarded
nuclear material outside such facilities, on the basis of proposals to be submitted
by the State in sufficient time to allow the Agency to review them before the
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reports need to be submitted. The reports need include only such information as is
relevant for the purpose of safeguards.
38. Unless otherwise provided in the applicable safeguards agreement, reports shall
be submitted in one of the working languages of the Board.
ROUTINE REPORTS
39. Routine reports shall be based on the records compiled in accordance with
paragraphs 33-36 and shall consist, as appropriate, of:
 . Accounting reports showing the receipt, transfer out, inventory and use of
all safeguarded nuclear material. The inventory shall indicate the nuclear
and chemical composition and physical form of all material and its
location on the date of the report; and
a. Operating reports showing the use that has been made of each principal
nuclear facility since the last report and, as far as possible, the programme
of future work in the period until the next routine reports is expected to
reach the Agency.
40. The first routine reports shall be submitted as soon as:
 . There is any safeguarded nuclear material to be accounted for; or
a. The principal nuclear facility to which it relates is in a condition to
operate.
PROGRESS IN CONSTRUCTION
41. The Agency may, if so provided in a safeguards agreement, request information
as to when particular stages in the construction of a principal nuclear facility have
been or are to be reached.
SPECIAL REPORTS
42. The State shall report to the Agency without delay:
 . If any unusual incident occurs involving actual or potential loss or
destruction of, or damage to, any safeguarded nuclear material or
principal nuclear facility; or
a. If there is good reason to believe that safeguarded nuclear material is lost
or unaccounted for in quantities that exceed the normal operating and
handling losses that have been accepted by the Agency as characteristic of
the facility.
43. The State shall report to the Agency, as soon as possible, and in any case within
two weeks, any transfer not requiring advance notification that will result in a
significant change (to be defined by the Agency in agreement with the State) in
the quantity of safeguarded nuclear material in a facility, or in a complex of
facilities considered as a unit for this purpose by agreement with the Agency.
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Such report shall indicate the amount and nature of the material and its intended
use.
AMPLIFICATION OF REPORTS
44. At the Agency's request the State shall submit amplifications of clarifications of
any report, in so far as relevant for the purpose of safeguards.
Inspections
GENERAL PROCEDURES
45. The Agency may inspect safeguarded nuclear materials and principal nuclear
facilities.
46. The purpose of safeguards inspections shall be to verify compliance with
safeguards agreements and to assist States in complying with such agreements
and in resolving any questions arising out of the implementation of safeguards.
47. The number, duration and intensity of inspections actually carried out shall be
kept to the minimum consistent with the effective implementation of safeguards,
and if the Agency considers that the authorized inspections are not all required,
fewer shall be carried out.
48. Inspectors shall neither operate any facility themselves nor direct the staff of a
facility to carry out any particular operation.
ROUTINE INSPECTIONS
49. Routine inspections may include, as appropriate:
 . Audit of records and reports;
a. Verification of the amount of safeguarded nuclear material by physical
inspection, measurement and sampling;
b. Examination of principal nuclear facilities, including a check of their
measuring instruments and operating characteristics; and
c. Check of the operations carried out at principal nuclear facilities and at
research and development facilities containing safeguarded nuclear
material.
50. Whenever the Agency has the right of access to a principal nuclear facility at all
times (see paragraph 57), it may perform inspections of which notice as required
by paragraph 4 of the Inspectors Document need not be given, in so far as this is
necessary for the effective application of safeguards. The actual procedures to
implement these provisions shall be agreed upon between the parties concerned in
the safeguards agreement.
INITIAL INSPECTIONS OF PRINCIPAL NUCLEAR FACILITIES
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51. To verify that the construction of a principal nuclear facility is in accordance with
the design reviewed by the Agency, an initial inspection or inspections of the
facility may be carried out, if so provided in a safeguards agreement:
 . As soon as possible after the facility has come under Agency safeguards,
in the case of a facility already in operation; or
a. Before the facility starts to operate, in other cases.
52. The measuring instruments and operating characteristics of the facility shall be
reviewed to the extent necessary for the purpose of implementing safeguards.
Instruments that will be used to obtain data on the nuclear materials in the facility
may be tested to determine their satisfactory functioning. Such testing may
include the observation by inspectors of commissioning or routine test by the staff
of the facility, but shall not hamper or delay the construction, commissioning or
normal operation of the facility.
SPECIAL INSPECTIONS
53. The Agency may carry out special inspections if:
 . The study of a report indicates that such inspection is desirable; or
a. Any unforeseen circumstances requires immediate action.
The Board shall subsequently be informed of the reasons for and the results of
each such inspection.
54. The Agency may also carry out special inspections of substantial amount of
safeguarded nuclear material that are to be transferred outside the jurisdiction of
the State in which it is being safeguarded, for which purpose the State shall give
the Agency sufficient advance notice of any such proposed transfer.
B. SPECIAL PROCEDURES FOR REACTORS
Reports
55. The frequency of submission of routine reports shall be agreed between the
Agency and the State, taking into account the frequency established for routine
inspections. However, at least two such reports shall be submitted each year and
in no case shall more than 12 such reports be required in any year.
Inspections
56. One of the initial inspections of a reactor shall if possible be made just before the
reactor first reaches criticality.
57. The maximum frequency of routine inspections of a reactor and of the
safeguarded nuclear material in it shall be determined from the following table:
Whichever is the largest of:
 . Facility inventory (including loading);
Maximum number
of routine inspections
annually
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a. Annual throughput;
b. Maximum potential annual production of special
fissionable material
(Effective kilograms of nuclear material)
Up to 1
More than 1 and up to 5
More than 5 and up to 10
More than 10 and up to 15
More than 15 and up to 20
More than 20 and up to 25
More than 25 and up to 30
More than 30 and up to 35
More than 35 and up to 40
More than 40 and up to 45
More than 45 and up to 50
More than 50 and up to 55
More than 55 and up to 60
More than 60
0
1
2
3
4
5
6
7
8
9
10
11
12
Right of access at all
times
58. The actual frequency of inspection of a reactor shall take account of:
 . Whether the State possesses irradiated-fuel reprocessing facilities;
a. The nature of the reactor; and
b. The nature and amount of the nuclear material produced or used in the
reactor.
C. SPECIAL PROCEDURES RELATING TO SAFEGUARDED NUCLEAR
MATERIAL OUTSIDE PRINCIPAL NUCLEAR FACILITIES
Nuclear material in research and development facilities
ROUTINE REPORTS
59. Only accounting reports need be submitted in respect of nuclear material in
research and development facilities. The frequency of submission of such routine
reports shall be agreed between the Agency and the State, taking into account the
frequency established for routine inspections; however, at least one such report
shall be submitted each year and in no case shall more than 12 such reports be
required in any year.
ROUTINE INSPECTIONS
60. The maximum frequency of routine inspections of safeguarded nuclear material
in a research and development facility shall be that specified in the table in
paragraph 57 for the total amount of material in the facility.
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Source material in sealed storage
61. The following simplified procedures for safeguarding stockpiled source material
shall be applied if a State undertakes to store such material in a sealed storage
facility and not to remove it therefrom without previously informing the Agency.
DESIGN OF STORAGE FACILITIES
62. The State shall submit to the Agency information on the design of each sealed
storage facility and agree with the Agency on the method and procedure for
sealing it.
ROUTINE REPORTS
63. Two routine accounting reports in respect of source material in sealed storage
shall be submitted each year.
ROUTINE INSPECTIONS
64. The Agency may perform one routine inspection of each sealed storage facility
annually.
REMOVAL OF MATERIAL
65. The State may remove safeguarded source material from a sealed storage facility
after informing the Agency of the amount, type and intended use of the material
to be removed, and providing sufficient other data in time to enable the Agency to
continue safeguarding the material after it has been removed.
Nuclear material in other locations
66. Except to the extent that safeguarded nuclear material outside of principal
nuclear facilities is covered by any of the provisions set forth in paragraphs 59-
65, the following procedures shall be applied with respect to such material (for
example, source material stored elsewhere than in a sealed storage facility, or
special fissionable material used in a sealed neutron source in the field).
ROUTINE REPORTS
67. Routine accounting reports in respect of all safeguarded nuclear material in this
category shall be submitted periodically. The frequency of submission of such
reports shall be agreed between the Agency and the State, taking into account the
frequency established for routine inspections; however, at least one such report
shall be submitted each year and in no case shall more than 12 such reports be
required in any year.
ROUTINE INSPECTIONS
68. The maximum frequency of routine inspections of safeguarded nuclear material
in this category shall be one inspection annually if the total amount of such
material does not exceed five effective kilograms, and shall be determined from
the table in paragraph 57 if the amount is greater.
IV. DEFINITIONS
69. "Agency" means the International Atomic Energy Agency.
70. "Board" means the Board of Governors.
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71. "Director General" means the Director General of the Agency.
72. "Effective kilograms" means:
 . In the case of plutonium, its weight in kilograms;
a. In the case of uranium with an enrichment of 0.01 (1%) and above, its
weight in kilograms multiplied by the square of its enrichment;
b. In the case of uranium with an enrichment below 0.01 (1%) and above
0.005 (0.5%), its weight in kilograms multiplied by 0.0001; and
c. In the case of depleted uranium with an enrichment of 0.005 (0.5%) or
below, and in the case of thorium, its weight in kilograms multiplied by
0.00005.
73. "Enrichment" means the ratio of the combined weight of the isotopes uranium-
233 and uranium-235 to that of the total uranium in question.
74. "Improved" means, with respect to nuclear material, that either:
 . The concentration of fissionable isotopes in it has increased; or
a. The amount of chemically separable fissionable isotopes in it has been
increased; or
b. Its chemical or physical form has been changed so as to facilitate further
use or processing.
75. "Inspector" means an Agency official designated in accordance with the
Inspectors Document.
76. "Inspectors Document" means the Annex to the Agency document
GC(V)/INF/39.
77. "Nuclear material" means any source or special fissionable material as defined in
Article XX of the Statute.
78. "Principal nuclear facility" means a reactor, a plant for processing nuclear
material, irradiated in a reactor, a plant for separating the isotopes of a nuclear
material, a plant for processing or fabricating nuclear material (excepting a mine
or ore-processing plant) or a facility or plant of such other type as may be
designated by the Board from time to time, including associated storage facilities.
79. "Project agreement" mans a safeguards agreement relating to an Agency project
and containing provisions as foreseen in Article XI.F.4(b) of the Statute.
80. "Reactor" means any device in which a controlled, self- sustaining fission chain-
reaction can be maintained.
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81. "Research and development facility" means a facility, other than a principal
nuclear facility, used for research or development in the field of nuclear energy.
82. "Safeguards agreement" means an agreement between the Agency and one or
more Member States which contains an undertaking by one or more of those
States not to use certain items in such a way as to further any military purpose and
which gives the Agency the right to observe compliance with such undertaking.
Such an agreement may concern:
 . An Agency project;
a. A bilateral or multilateral arrangement in the field of nuclear energy under
which the Agency may be asked to administer safeguards; or
b. Any of a State's nuclear activities unilaterally submitted to Agency
safeguards.
83. "Statute" means the Statute of the Agency.
84. "Throughput" means the rate at which nuclear material is introduced into a
facility operating at full capacity.
85. "Unilaterally submitted" means submitted by a State to Agency safeguards,
pursuant to a safeguards agreement.
Annex I
PROVISIONS FOR REPROCESSING PLANTS
INTRODUCTION
1. The Agency's Safeguards System (1965) is so formulated as to permit application
to principal nuclear facilities other than reactors as foreseen in paragraph 7. This
Annex lays down the additional procedures which are applicable to the
safeguarding of reprocessing plants. However, because of the possible need to
revise these procedures in the light of experience, they shall be subject to review
at any time and shall in any case be reviewed after two years' experience of their
application has been gained.
SPECIAL PROCEDURES
Reports
2. The frequency of submission of routine reports shall be once each calendar
month.
Inspections
3. A reprocessing plant having an annual throughput not exceeding 5 effective
kilograms of nuclear material, and the safeguarded nuclear material in it, may be
routinely inspected twice a year. A reprocessing plant having an annual
throughput exceeding 5 effective kilograms of nuclear material, and the
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safeguarded nuclear material in it, may be inspected at all times. The
arrangements for inspections set forth in paragraph 50 shall apply to all
inspections to be made under this paragraph (It is understood that for plants
having an annual thoughput of more than 60 effective kilograms, the right of
access at all times would be normally be implemented by means of continuous
inspection.)
4. When a reprocessing plant is under Agency safeguards only because it contains
safeguarded nuclear material, the inspection frequency shall be based on the rate
of delivery of safeguarded nuclear material.
5. The State and the Agency shall co-operate in making all the necessary
arrangements to facilitate the taking, shipping or analysis of samples, due account
being taken of the limitations imposed by the characteristics of a plant already in
operation when placed under Agency safeguards.
Mixtures of safeguarded and unsafeguarded nuclear material
6. By agreement between the State and the Agency, the following special
arrangements may be made in the case of a reprocessing plant to which the
criteria in paragraph 19(d) do not apply, and in which safeguarded and
unsafeguarded nuclear materials are present:
a. Subject to the provisions of sub-paragraph (b) below, the Agency shall
restrict its safeguards procedures to the area in which irradiated fuel is
stored, until such time as all or any part of such fuel is transferred out of
the storage area into other parts of the plant. Safeguards procedures shall
cease to apply to the storage area or plant when either contains no
safeguarded nuclear material; and
b. Where possible safeguarded nuclear material shall be measured and
sampled separately from unsafeguarded material, and at as early a stage as
possible. Where separate measurement, sampling or processing are not
possible, the whole of the material being processed in that campaign shall
be subject to the safeguards procedures set out in this Annex. At the
conclusion of the processing the nuclear material that is thereafter to be
safeguarded shall be selected by agreement between the State and the
Agency from the whole output of the plant resulting from that campaign,
due account being taken of any processing losses accepted by the Agency.
7. "Reprocessing plant"** means a facility to separate irradiated nuclear materials
and fission products, and includes the facility's head-end treatment section and its
associated storage and analytical sections.
8. "Campaign" means the period during which the chemical processing equipment in
a reprocessing plant is operated between two successive wash-outs of the nuclear
material present in the equipment.
ANNEX II
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PROVISIONS FOR SAFEGUARDED NUCLEAR MATERIAL IN CONVERSION
PLANTS AND FABRICATION PLANTS
INTRODUCTION
1. The Agency's Safeguards System (1965, as Provisionally Extended in 1966) is so
formulated as to permit application to principal nuclear facilities other than
reactors as foreseen in paragraph 7. This Annex lays down the additional
procedures which are applicable to safeguarded nuclear material in conversion
plants and fabrication plants***). However, because of the possible need to revise
these procedures in the light of experience, they shall be subject to review at any
time and shall in any case be reviewed after two years' experience of their
application has been gained.
SPECIAL PROCEDURES
Reports
2. The frequency of submission of routine reports shall be once each calendar
month.
Inspections
3. A conversion plant or fabrication plant to which the criteria in paragraph 19(d)
apply and the nuclear material in it, may be inspected at all times if the plant
inventory at any item, or the annual input, of nuclear material exceeds five
effective kilograms. Where neither the inventory at any time, nor the annual input,
exceeds five effective kilograms of nuclear material, the routine inspections shall
not exceed two a year. The arrangements for inspections set forth in paragraph 50
shall apply to all inspections to be made under this paragraph****.
4. When a conversion plant or fabrication plant to which the criteria in paragraph
19(d) do not apply contains safeguarded nuclear material the frequency of routine
inspections shall be based on the inventory at any time and the annual input of
safeguarded nuclear material. Where the inventory at any time, or the annual
input, of safeguarded nuclear material exceeds five effective kilograms the plant
may be inspected at all times. Where neither the inventory at any time, nor the
annual input, exceeds five effective kilograms of safeguarded nuclear material the
routine inspections shall not exceed two a year. The arrangements for inspection
set forth in paragraph 50 shall apply to all inspections to be made under this
paragraph.
5. The intensity of inspection of safeguarded nuclear material at various steps in a
conversion plant or fabrication plant shall take account of the nature, isotopic
composition and amount of safeguarded nuclear material in the plant. Safeguards
shall be applied in accordance with the general principles set forth in paragraphs
9-14. Emphasis shall be placed on inspection to control uranium of high
enrichments and plutonium.
6. Where a plant may handle safeguarded and unsafeguarded nuclear material, the
State shall notify the Agency in advance of the programme for handling
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safeguarded batches to enable the Agency to make inspections during these
periods, due account being also taken of the arrangements under paragraph 10
below.
7. The State and the Agency shall co-operate in making all the necessary
arrangements to facilitate the preparation of inventories of safeguarded nuclear
material and the taking, shipping and/or analysis of samples, due account being
taken of the limitations imposed by the characteristics of a plant already in
operation when placed under Agency safeguards.
Residues scrap and waste
8. The State shall ensure that safeguarded nuclear material contained in residues,
scrap or waste created during conversion or fabrication is recovered, as far as is
practicable, in its facilities and within a reasonable period of time. If such
recovery is not considered practicable by the State, the State and the Agency shall
co-operate in making arrangements to account for and dispose of the material.
Safeguarded and unsafeguarded nuclear material
9. By agreement between the State and the Agency, the following special
arrangements may be made in the case of a conversion plant or a fabrication plant
to which the criteria in paragraph 19(d) do not apply, and in which safeguarded
and unsafeguarded nuclear material are both present:
a. Subject to the provisions of sub-paragraph (b) below, the Agency shall
restrict its safeguards procedures to the area in which safeguarded nuclear
material is stored, until such time as all or any part of such nuclear
material is transferred out of the storage area into other parts of the plant.
Safeguards procedures shall cease to be applied to the storage area or plant
when it contains no safeguarded nuclear material; and
b. Where possible, safeguarded nuclear material shall be measured and
sampled separately from unsafeguarded nuclear material, and at as early a
stage as possible. Where separate measurement, sampling or processing is
not possible, any nuclear material containing safeguarded nuclear
material shall be subject to the safeguards procedures set out in this
Annex. At the conclusion of processing, the nuclear material that is
thereafter to be safeguarded shall be selected, in accordance with
paragraph 11 below when applicable, by agreement between the State and
the Agency, due account being taken of any processing losses accepted by
the Agency.
Blending of nuclear material
10. When safeguarded nuclear material is to be blended with either safeguarded or
unsafeguarded nuclear material, the State shall notify the Agency sufficiently in
advance of the programme of blending to enable the Agency to exercise its right
to obtain evidence, through inspection of the blending operation or otherwise, that
the blending is performed according to the programme.
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11. When safeguarded and unsafeguarded nuclear material are blended, if the ratio of
fissionable isotopes in the safeguarded component going into the blend to all the
fissionable isotopes in the blend is 0.3 or greater, and if the concentration of
fissionable isotopes in the unsafeguarded nuclear material is increased by such
blending, then the whole blend shall remain subject to safeguards. In other cases
the following procedures shall apply:
 . Plutonium/plutonium blending. The quantity of the blend that shall
continue to be safeguarded shall be such that its weight, when multiplied
by the square of the weight fraction of contained fissionable isotopes, is
not less than the weight of originally safeguarded plutonium multiplied by
the square of the weight fraction of fissionable isotopes therein, provided
however that:
 i. In cases where the weight of the whole blend, when multiplied by
the square of the weight fraction of contained fissionable isotopes,
is less than the weight of originally safeguarded plutonium
multiplied by the square of the weight fraction of fissionable
isotopes therein, the whole of the blend shall be safeguarded; and
 ii. The number of fissionable atoms in the portion of the blend that
shall continue to be under safeguards shall in no case be less than
the number of fissionable atoms in the originally safeguarded
plutonium;
a. Uranium/uranium blending. The quantity of the blend that shall continue
to be safeguarded shall be such that the number of effective kilograms is
not less than the number of effective kilograms in the originally
safeguarded uranium, provided however that:
  . In cases where the number of effective kilograms in the whole
blend is less than in the safeguarded uranium, the whole of the
blend shall be safeguarded; and
 i. The number of fissionable atoms in the portion of the blend that
shall continue to be under safeguards shall in no case be less than
the number fissionable atoms in the originally safeguarded
uranium;
b. Uranium/plutonium blending. The whole of the resultant blend shall be
safeguarded until the uranium and the plutonium constituents are
separated. After separation of the uranium and plutonium, safeguards shall
apply to the originally safeguarded component; and
c. Due account shall be taken of any processing losses agreed upon between
the State and the Agency.
DEFINITIONS
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12. "Conversion plant" means a facility (excepting a mine or ore-processing plant) to
improve unirradiated nuclear material, or irradiated nuclear material that has
been separated from fission products, by changing its chemical or physical form
so as to facilitate further use or processing. The term conversion plant includes
the facility storage and analytical sections. The term does not include a plant
intended for separating the isotopes of a nuclear material.
13. "Fabrication plant" means a plant to manufacture fuel elements or other
components containing nuclear material and includes the plant's storage and
analytical sections.
* The use of italics indicates that a term has a specialized meaning in this document and is defined in Part
IV.
** This term is synonymous with the term "a plant for processing nuclear material irradiated in a reactor"
which is used in paragraph 78.
*** This terminology is intended to be synonymous with the term "a plant for processing or fabricating
nuclear material (excepting a mine or ore-processing plant") which is used in paragraph 78.
****It is understood that for plants having an inventory at any time, or an annual input, of
more than 60 effective kilograms the right of access at all times would normally be
implemented by means of continuous inspection. Where neither the inventory at any time
nor the annual input exceeds one effective kilogram of nuclear material the plant would
not normally be subject to routine inspection.
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APPENDIX B                                                                                               
Status of the SOLAS and IMO Civil Liability Conventions
SOLAS
Convention
1974
IMO Civil
Liability
Convention
- 1971
Afghanistan
Albania
Algeria x
Andorra
Angola x
Antigua & Barbuda x
Argentina x x
Armenia
Australia x
Austria x
Azerbaijan x
Bahamas x
Bahrain x
Bangladesh x
Barbados x
Belarus x
Belgium x x
Belize x
Benin x
Bhutan
Bolivia x
Bosnia & Herzegovina
Botswana
Brazil x
Brunei Darussalam x
Bulgaria x
Burkina Faso
Burundi
Cambodia x
Cameroon x
Canada x
Cape Verde x
Central African Republic
Chad
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Chile x
China x
Colombia x
Comoros x
Congo x
Cook Islands
Costa Rica
Cote d'Ivoire x
Croatia x
Cuba x
Cyprus x
Czech Republic x
Dem. People's Rep. Korea x
Dem. Rep. of the Congo
Denmark x x
Djibouti x
Dominica x x
Dominican Republic x
Ecuador x
Egypt x
El Salvador
Equatorial Guinea x
Eritrea x
Estonia x
Ethiopia x
Fiji x
Finland x x
France x x
Gabon x x
Gambia x
Georgia x
Germany x x
Ghana x
Greece x
Grenada
Guatemala x
Guinea x
Guinea-Bissau
Guyana x
Haiti x
Holy See
Honduras x
Hungary x
Iceland x
India x
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Indonesia x
Iran (Islamic Republic of) x
Iraq x
Ireland x
Israel x
Italy x x
Jamaica x
Japan x
Jordan x
Kazakhstan x
Kenya x
Kiribati
Kuwait x
Kyrgyzstan
Lao People's Dem. Rep.
Latvia x x
Lebanon x
Lesotho
Liberia x x
Libyan Arab Jamahiriya x
Liechtenstein
Lithuania x
Luxembourg x
Madagascar x
Malawi x
Malaysia x
Maldives x
Mali
Malta x
Marshall Islands x
Mauritania x
Mauritius x
Mexico x
Micronesia (Fed. States of)
Moldova
Monaco x
Mongolia x
Morocco x
Mozambique x
Myanmar x
Namibia x
Nauru
Nepal
Netherlands x x
New Zealand x
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Nicaragua
Niger
Nigeria x
Norway x x
Oman x
Pakistan x
Palau
Panama x
Papua New Guinea x
Paraguay
Peru x
Philippines x
Poland x
Portugal x
Qatar x
Republic of Korea x
Republic of Moldova
Romania x
Russian Federation x
Rwanda
Saint Kitts and Nevis
Saint Lucia
St. Vincent & Grenadines x
Samoa x
San Marino
Sao Tome & Principe x
Saudi Arabia x
Senegal x
Serbia&Montenegro x
Seychelles x
Sierra Leone x
Singapore x
Slovakia x
Slovenia x
Solomon Islands
Somalia
South Africa x
Spain x x
Sri Lanka x
Sudan x
Suriname x
Swaziland
Sweden x x
Switzerland x
Syrian Arab Republic x
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Tajikistan
Thailand x
The former Yugoslav Republic of Macedonia
Togo x
Tonga x
Trinidad & Tobago x
Tunisia x
Turkey x
Turkmenistan
Tuvalu x
Uganda
Ukraine x
United Arab Emirates x
United Kingdom x
United Rep. of Tanzania x
United States x
Uruguay x
Uzbekistan
Vanuatu x
Venezuela x
Viet Nam x
Yemen x x
Zambia
Zimbabwe
Associate Member
Hong Kong, China                    (Associate Member) x
Macao, China
Faroe Islands
